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The ro ots, ste m s a nd branche s,le av e s and s e eds of Gels e m ]
'
u m elega n s
Be nth. ha v ebe e nin v e stigated foraJka暮oids. Sixte e n alkaloids ha v ebee n l
r
S OZated
a nd chara cteriz ed. T here are s ev e n n ew aJkaJoids
,
three ofthem have bee nide ntified
- as indole aJkaloids 16- epトv o a carpin e, 19-(Z)･tabe rpsychin e, a nd ko u min e N-
o xide;the otherbeJ
.
ng OXindole aJkalojds ide ntified a s19-hydroxydihydrogeJs e virin e,
eJega n s a min e, gels e min eN- o xide and 19-o x ogels e nicin e. In cluded arethre eknow n
indoJe aJkaloids ko u
_
min e, 1 9-(Z)- aku a m m J
.
din e a nd koumidin e, and six kn o w n
oxjndoJe a(kaloids geJs e m )
'
n e, gels evirin e, gels e nicin e(hu m a nte n min e), 14-
hydro xyge[s e nJ
-
cin e(hu mantenid he), hu m a nte nin eand 1 4- hydro xygels edin e. T he
stru cture s oftw o kno wn aJkaloids, ko u midin e a nd 1 9･(Z)- ak
■
u a m midin ehav ebe e n
re vis ed to (19Z)-fo rm.
Am o ng s e v e n n e w a[kalojds, thre e ba s e s19-(Z)-tabe rpsychin e, 1 9･
hydro xydihydrogels e virin e a nd 16- epi･v o a c a rpln e W e rfo u nd fro mthe ro ots;tw o
aJkaJoids 1 6- ep卜V O a C arPJn e and elega ns a min e w e reis o一ated fro mthe ste m s and
bra nches witho ut一e ave s;fo u r alkaLoids ko u min eN- o xide, geJs e min e”-oxide, 19･
o x ogeJs enJ
'
cin e, a nd 16-ep卜V OaC arPJ
r
ne We(e Obtained fro m theleav e s･ T he s e eds
ofthJ
'
s pla nt c o ntain on[ykn o w nalkaJoJ
'
d, 14-hydro xygeJs edin e.
Furtherm o re, partial synthesis a nd abs olute c o nfiguratio ndetermin atio n of
ko u midin e a nd 19-(Z)-tabe
'
rpsychin e hav ebe e n c arried o ut･
T he form al synthe sis of ko u min e a ndthe bioge n etic ro ute of Ge/s e m J
'
u m
aJkaloid占have be e npropo sed a nd discus sed inrthisthesis.
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INTROD U CTIO N
Am o ng the natural produ cts, A LK A LO)DJ
L
s o n e ofthe u s efula nd inte re stI
'
ng
gro up of c o mpo u nds･ No othe r c一ass of n atura一 co mpo u nds po s s es s e s su ch a n
e n o rm o u s v ariety of stru cture s. ]n 1983, o v e r5 00 alka[oids of aII stru ctural
type s w erekn o w n･ On e of the big structur al ty pes of aJkaloids is hldole
alkaloids which disp(ays a rich v ariety of stru cturaltype s, m a ny of which hav e
be en established and their synthes es achiev ed. The n u mber ofindole alkaloids of
kn o w n stru cture a mpu nts to appro xim ately 1 4 0(Pe‖etier, 19 83)･ So m e indo(e
alkaJoids e x ert co n siderab[e pharma cological a ctivity. thre e gro ups are notable
for clinically us efuJ alkaloids:(a)the Ergot alka[oids, ergo m etrine, with its
dire ct actJ
'
o n o nthe co ntra ctJ
'
o n of uterin e m us c(e; ergotarnin efo r m lgraJ
'
n e r elif
a nd m odified alkaloid, bro m o criptin e, which s up pre s s e sIa ctatio n a nd ha s s o m e
app(ic atio nfo rthe tre atm ent of m a m m ary c a rcin o m a, (b)the Ra uvo/fI
'
a aJkaloids
and spe cific any re s e rp)ne which w as the fo reru n ner ofthe tra nqu川zers and
hypote n siv e, (c) the dim eric a nts-Ie uke mic alkaJoids of Catha ranthu s,
vinbJa stin e a nd vin cristin e which are in c urr e nt c伽ic al u s e. [t mightbe
tho ughtthatintere st in indole alkaloids had w a n ed a ndthat theyhadpas s edtheir
pe aka sfar a s n e wdis co v eri s w ere co n c ern ed. ln fa ctitis logic aJto a ss u m ethat
after su ch inten siv e res e arch efforts, there w o u(d be little n o v eltyleftin this are a
(Phi=ps o n a nd Ze nk, 19 80).
The L O G A NJACEO U Sgenu sG EL S E M IU Mc o n sits ofo nlythre e species, allof
the m arethe m ajor s o urces Of indole alka[oids a nd s ev er al alkaloids areto xic･
Thefirst Ge/s e m /
-
u m spe cie s, Ge/Ge m /
r
u m a/ega n sBe nth･ (Ge/s e m/
'
u m s um atra n u m
Bo erI. ,
'
Leptopteris s u m atran aBTu m e a nd Medicia a/ega n sGardn･ & C ha mp･ , Ho ok･)
ha s be e n u s ed in C hin a, Viet Na n a nd Bo rn e o a s a s uicidalpois on which is either
l l
)nge sted or s m oked･ T he i)o wers of this pla nt a re pois o n us to s m ell, kiI】s
butterf=e s o nthe flo w ers･ ln Bur ma･itis us ed a s afishpoJSO n･ T his plantis us ed in
C hin e s efolk m edicin e a s a n a n a.ge sic- antispa s m odic a nd a s a re m edy fo r
c e rtain kinds of skin ulc e rs(Ornduff, 1970; L舌n et a/. , 1989b). T he s e c o nd
Gels e m I
-
u m spe cies, Gels e m I
'
u m s e mpe r vire ns (L.) Ja u m e Saint-H ‖aJ
'
r e
- (Gels e m I
'
u m ]u cidu m Poir, G･ nJ
'
t]
-
du m Michx.
,
Bignonia s e mpe r v/
'
r e n sL. a nd
L]
'
s/
'
a nthu s s e mpervI
'
r e n sMi[L) ca us esde ath arld abo rtio nin live sto ck which fe ed
upo nits]e av e s･ Inge stio n of n e ctar and ho n ey produ c ed fro m Ge/s e m J
'
u mflo w e rs
reported]y
-
ha s c a u s ed de ath in hu m a n s a nd be esinthe southe a stem United State s
(Hardin, 1961; Kingsbe ry, 1 964). Ho w e v e r, this pla nt ha s be e nu s ed in the
tre atm ent of nLe Uralgia a nd migrain e (Sa xto n, 1965). Its a ntispa s m odic
propertiesis us efulin the tre atm e nt of spa s m odic dis o rders s u ch as asthm a and
who oping c o ugh(Grie v e, 1975)I Info rm atio n o nthe biologlCal propertI
'
e s of 一a st
spe cies, Gels e mJ
-
u m ra nk/
'
n /
'
J
'
Sm alZ(Ge/Gem /
'
u m s e mpe w I
'
r e n s(Var.)rin odo r u m
Nutt.) has n ot yetbe en reponed.
T he gen usGelse mium is twining w o ody vin e s;le a v e s op po site, simp(e,
e ntire, petio[ate; stipuJe s represe nted by stipular一in e s; flo w erspe nta m e ro u s,
distylo u s o rho m o styfo u s, o n eto m any, in ax‖ary or ter min al inflo res c e n c e s;
C OrOIIa sfu n n elfQr m
,
the lobe s imbric ated in bud, bright ye=o w o r ora nge ･
ye=o w; sta mens five, epipetalo u s; style qu adrifidat ape x; s e eds flatte n ed, u s u ally
w ]nged;n=8･ T his ge n u s e xhibits a patte rn of distributio n thatitis repres e nted
by thefirst spe ciesinthe s o uthe a ste rnAsia,the se co nd spe cie sinthe s o uthe astern
United State s a ndthe highla nds of Me xico a nd Gu ate m a一a, a ndthe一ast spe ciesin the
s o ulhe a ste rnUnited State s (Ornduff, 1 970).
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G EL S E M / U M E L EGA NS Be nth･ is a c[im bing glabro us e vergre e n shrub to
3･5m ･ tan, bark c orky, w o od poro us, ve s s e一s nu m ero u s. Le a v e s ov ate to o v ate -
Ia n c e olate, the b(ade s6-13c m･ 一o ng, s o m etim e s c u spidate, the petiofesO･5-1･2c m･
一o ng;f[o w ers n u m erou s, inf[o res ce n c et rmin aJ or a x=ary; c or ona l･2-1 ･7c m･
一o ng ln C[uding the (obe s O･3･0･8c m･ lo ng, bright to ora nge-yeHo w, odorle ss;
s epaJs la n c e oJate, a c u minate 3-4m rn. (o ng;pedic eJs 0.3-1.Oc m. lo ng, ebracte olate
or with a single s ubte nding bra cte o[e; c apsuZe s ov ate- eJ‖ptic in o ut一in e, 0.8-
1 ･5c m･ lo ng, inf一ated; seeds brow nish, 3-4m m. in dia m eter, in cluding a n
in cis o-de ntate wing 1-2m m･ wide; n=8. Flow ering亨n Septe mberto Dece mbe r
a nd o c甲Sio n auy at othe r tim es･ Fruitingin M 畠rch a nd April. T his pJa ntis
differe ntfro mthe othertw o spe cies o nthe points that the 一atter having bo rn ein
inflores c enc e s of 1-8 fro w ers, c aps ules n ot inflated, s e eds wJng[e ss o r
with a stro ngly asym m etrical entire wing｡
Ge/s e miu m elega n sBe nth. is distributed in As s a m, n o rthe rnBu r m a,
n o rthernT haila nd, La o s, VietNa n, s o uthern a nd s o uthe aste m Chin a, Su matra and
n o rthern Bo rn e o. Se ale v e[to 6000 fe et(Omduff. 1970; Bra ndis, 1 9 71). W e
foundthis pla ntin 辿 』迎 ほ 辿 辿 ,主迫由 地 追, T圭追 出 , kn o w n as
Mall SaJ
'
kai Doklu e a ngbutin U do n Tha ni Pro vin c e a sGok Mu an a nd Na nProvin ce
a sMa Khet (Smitin a nd, 1 980).
T his thesis w a s u ndertaken in a n e什o rt to provide s o m eobs erv atio n s
o n a[kaloidal c o n stitu e nts
T
in c ertaJ
'
n pla ntin the tribe Gels em J
'
e a e of the fa mily
Loga nT
'
a c e a e･ T he spe cificintere st w a sfo cu s ed o nh dole aZkafojd c o nte nts a nd
Ge/s e m I
'
u m e/ega n sBe nth. w as the subje ctofstudy. T his pla ntw asfirst studied by
T. Q. Cho uin 1 931 and s e v e ralgro ups ofresle archershave co ntin u edthe study･ T he
1 3
a uthor wished to in v e stigate so m e Othe rpo s sJ
'
bly rem aining inte re sting h dole
aJkaloidsin this pla nt.
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Ge/s e m ]
'
u m elega n sBe nth.
a, flo we n ng ste m,
Xo.4; b, m ature c aps ufe s,
Xl.7; c, s e ed, X4; d, sho rトho m o styJed
flo w e r
,
Xl ･7; e,Lo ng- styfed ffo w er ed,
Xl ･7; f, short- styledflo w e r,
×1
･
7
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Tkaloids a ndtheir o c c urre [!
T he n u mber of kn o w n alkaloids ha s ris e ndra m atic aJJy,a r e vie w to the
_ middle of1 973 c o u nted 4959 aJkaJoids, of which 3293had kn o wn stru ctu re s. By
[ate 1978, the n u mber stood at nearJy 40 00, str uctura[1y defined alka(oids.
In 19 83, the n u mbe r of aJkaloids wa s o ve r5000 (CordeJl, 1 981; PeJ[etier,
1983)I In re c e ntye ar苧･therehav e be e nin cre asingly n u m e rou s examples of the
o ccurrenc e of aJkaloids in a nim afs, J
'
n s e cts
,
m a rin e o rga n]
'
s m s, micro o rga nis ms
andthe一o w erpla nts. Asthe m ajor s o u rc e of alkaloids stiTJha sbe e nthe flo w e ring
pla nts, the a ngio sp■er m s.
Indole aJka(oids ar e defin ed a sthe n atur al orga nic produ cts c o ntaining
eitherthe indole n u cle u s(1)or a n o xidiz ed, r edu c ed, s ubstituted 6quiv ale nt of
it, e .g. o xindole (2), ps e udoindo xyl or†-l
'
ndo xyl(3), indolin e ordihydroJ
'
ndole
(4), indole njn e(5), hydro xyindole n]
'
n e (6). m ethyle n eindo‖n e (7), N-
a cyJindoJe(8), 2- a cynndole (8.1) a nd N- a cylindoJe n e(8.2). The n u mbe r of 盲ndo(e
aJkaJoids of kn o w n stru cture sin 1983abo ut to appro xim ate(y140 0(Kis akurek
et a/. , 19 83; Verpo orte, 1986).
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T he distributio n of indole a(kaloids is bro ad, c e rtain plant groups are
n oted fo r c o ntaining the m･ Am o ngthe s e ed p(a nts, the fa milie s Apo cyn ac e ae,
Loga nia c e a e a nd Rubia c e a eha v ebe e n a v eryrichs o urc e ofindole alkaloids. An othe r
impo rta nt so u rc eis the fu ngalge n usC/a v/
'
c eps, which is know n to co ntain m ore
thantw odo ze ndiffere ntindo[e alka[oids(Robins o n, 1 9 6 8). So m e ofthem a.re fo und
in a nim al, e･g･ bufote nin e and dehydrobufote nin e (Tayler, 19 6 ,
I Sw a n
,
1967).
】ndole aJkaJoids can be divided intotw o m ain c[a s se s･ The first c o mpn s es
the simple indo暮e alka(oids･ T heir stru cture s a re not unJ
'
form , having o nly the
indoJe n u cleus or a dir e ct deriv ativ e of it a s a c o m m o nfe atu re･ Depe nding o nthe
c o n stitutio n ofthe rest ofthe m o一e c ule, they o c c urin m a ny pla nt fa m‖ies(e.g. ,
ha r m a n
,
obtained fro mthe fa mi一ie sApo cyn a c e a e, C hehopodia c e a e, EJa e agn ac eae,
Legu min o s a e, Logania c e a e, Pa ssifIQra C e a e, Po(ygo n a c ea e, Rubia c e a e, Symplo c ac e a e
a nd Zygophy‖a c e a e) or restrictedto veryfe w o r o n(y o n efa mi)y (e.g. ko e nigin e
obtain ed o n[yfro mRuta c e a e). T heindo(e
-
alkaloI
'
ds of the s e co nd clas? c o ntain
tw o stru cture- e一e m e nts: tryptamin e with the indofe n uc(eu s and a C9- Or CIO-
1 7
m o n ote rpe n e m oiety. deriv ed fro m s e c ologanin ･ Prob･ably be c a u s ethey are
co nstructed fro m tw o c o m m o n co mpo n ents a nd be ca u s ethey arebioge n etic aJIy
interrelated, indoJe alkaJoids ofthis se c o nd class have a m ore spe cific distributio n
a nd ar etherefo re m o re s uitab(e a s a v ehic(e fo r a c o mpa rativ e chem ota x o n o mic
in v e stigatio n･ Mo retha n 99･8 %oftheis olatio n s ofthis s e c o nd clas s a re e ntire(y
distributed a m o ng thr e e p一a ntfa milie s:Loga nia c e a e, Apo cyn a c e a e, a nd Rubia c e a e,
belo ngingto the order Gentia n ales(Kisakurek and Hes s e, 1980).
The o rder Ge ntiana(es comprIS e S S e ven P(a nt fa m川e s. T he thre e
m entio n ed I familie s- having.
rem arkable m orphoJogic al sim Jla ritie s, ha v ebe e n
c[as s王fiedbotanic alTyln c一os ere(ationship, a s sho w nin the foI[o wlng diagra m, the
thick lin e sindic ate a clo s e degre e ofre(atio n ship(Le e u w e nbe rg, 1980).
0[e a ce a e
As clepiadace a e
A w n w#
＼ /
LDga nia ce ae
/
Ge ntia n ate a e
Me n a nthac eae
Rubia c ea e
T he o c curr e n c e ofindo暮e alkaloidsinthefa mi一ies Apocyn a ce ae, Loga nia c e a e,
a nd Rubia c e a e s upports the ide a given in the abo v e diagram c oncerningtheir
che m otax o n o my.
T he s ethre efa m ]
'
Iies c an be rec ognized andidentified e a si一y, as their le a v e s
m o st一y oppo site, sim ple, p(n nately veined, with or w J
'
tho ut inte r- o r intrapetiolar
stipu(e s･ T heJ
'
rflo w e rs m ost一y 4- or 5- m e r o u s, u su a[ly a ctin o m o rphic, but
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s o m etim e s zygo m orphic a nd e xc eptio n a--y irregular･ Coro=a s egm e nts a一w ays
u nJ
L
ted
, and sta m e n sin serted o nthe c orol-a･ Style o n e･ Ovary' e x c eptin m o st
Rubiac e a e
, s uperio r a nd m ostly2-loc u-ar･ The Apo cyn a c e a e c a nbe differe ntiated
fro mthe Loganiace a ebythe pre s e nce ofmilky sap･
T he ge nera of the Loga nia c e a e, Apo cyn a ce a e a nd Rubiac e a e which ha ve
spe cie s c o ntaining indole aJkaJoids are 一isted be一o w (Le e u w e nberg, 198 0).
Fa mi一yLogania ce a e
'
Tribe Ge(s e mie a e
Tribe StⅣchnea e
Fa milyApo cyn a c e ae
Subfamily PIu m e rioide a e
Tribe CarJ
'
s s e a e
Subtribe Caris sin a e
Subtribe Landolphiin a e
Subtribe P]eioc arplna e
Tribe P(u m erie a e(A(sto nie a e)
Subtribe Craspido sper min a e
Subtribe PIectan eHn a e
Subtribe A[sto nina e
Subtribe Aspido spe rm atin ae
Ge/se m /
'
u m
Mo stue a
Strychn o s
Galdn eria
Me/odJ
'
n u s
Leu c o n otis
LandoJph/
-
a (Ca rpodl
'
n u s)
Pjc ra/J
'
m a
Hu nte ria(Po/yado a)
P/e/
'
o c a rpa
Gra sp/
'
do spe rm u m
Gon/o m a
A/sto n/
'
a
Tondu zI
'
a
DJ
'
p/O rhyn chu s
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Subtribe Cathara nlhina e
Tribe Ra u v o(fie a e
Subtribe Ra u volfiin a e
Subtribe Ochrosiin a e
Subtribe Va‖esiin ae
Subtribe Co ndyJo c arpln a e
Tribe Tabe rn a e m o nta n e a e
Asp)
'
do sper m a
Geisso sperum
Rhaqa
Am so n/
'
a
Cathara nthu s
VI
'
n c a
Hap/ophyton
CabLN;a/
月∂u y o/〟∂
Ochro sI
'
a (Ex c avatia)
Va//e s]
'
a
Kops/a
Co ndylo c arpon
Crio c era s
CaI/
'
chi/I
p
a (Hedra nthe ra)
Ste m m aden/
'
a
Capuro n e(ta
Tabe rn a e m o nta n a(Pag/
l
a ntha, F7ejo u a,
Ew ata m I
'
a
, Ha z unta, Pe schJ
'
era, Co n opha ryngja, Pa nda ca, Gabu nia)
Tabe rn a nthe
Vozm a
Sciz o zyg/a
Fa mi一yRubiac ea e
Subfa milyRubioide a e
Tribe C hio c o cc e a e
Tribe Psychotrie a e
Hodgkin s o n]
'
a
Psychotr/
'
a
2 0
Tribe Urophyne a e
Tribe Ophio rrhi之ea e
Tribe Ha m eJie a e
Tribe Sperma c o ce a e
Tribe Hedyotide a e
SubfamilyCJ
'
n chonoJ
'
de a e
Tribe Na u c!e e a e
Tribe Cincho n e a e
Pa//
'
c o u r e a
Cepha e/J
'
s
Pa urjd/
l
a ntha
Ophio rrhJ
'
z a
地 m eノ由
Spe r m a co c e(Bo re n
'
a)
F7/
'
chardI
'
a (RI
'
cha rds onia)?
Fledyotis
?
Manett]
-
a?
Na u c/e a(Sarco c ephalu s)
Cepha/a nthu s
Neo n a uc:/e a
MI
'
tr agyn a
un c a ria
Antho cepha/u s
A dI
'
na
C/
'
n chon a
Lade nbelgJ
'
a
He m /J]a
Coryn a nthe(Ps e udo cJ
'
n cho n a)
Pa u slnySta//
-
a
CaplrOn a?
Ex o ste m a?
Co utare a
Hym e n od/
'
cyo n ?
cros sopteryx ?
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Tribe Ro ndeletieae
Tribe Mu ss a ende a e
Tribe Gardenje a e
Tribe Co斤e e a e
Subfa milyGu ettardoide a e
p
T(ibe Gu ettarde ae.
FerdI
'
n a ndu s a?
ppgon opu s?
SJ
'
m I
'
ra (Sickl
'
ngia, Ara n
'
ba)
Ise rt/
'
a
Lepta ctina
To cDyena?
Ta ren na
Antirhe a
TJ
'
m o niu s
Subfa mily HiHioide a e
Tribe Hinie a e H/
'
/I
'
a ?
(a. Nam e sin bra ckets repres e nt syno nym s; b. qu e st)
I
o n m a rksindic ate that the
alkaJoI
'
ds have n otdefinJ
'
teJybe en characterized a sindo(e alkaloids)
T he fa mily Logania ce a e c o mprIS e S abo ut 30 genera with approxim ately
600species･ T he se spe cies are distributedin the tropICaJ, s ubtropICal a nd
te mperate z o ne s(Heyw ood, 1978). As m e ntio n ed before, o nly fo ur genera
of the Logania c e a ehave repr es e ntativ e s which c o ntain indole alkaloids. T hey
belo ngto tw o different but related tribe s, i.e . Ge[s emie a e and Strychn e a e.
Gels eI71I
'
u m with 3spe cies, is cfos eJy allied to Mostu e a, with 8 species, thro ugh
their simi(arle a v e s
,
flo w ers with infu ndibuJifor m c oro‖a, a nd do ubly bra n ched
stigm a. Mo stu e aha s s e eds which are v ery differe nt fro m tho s e of Ge/s e miu m
but which bec a us e oftheir bo ny e ndosperm are v erylike thos e of S(rychn o s, a
gen u s c o mpnslng abo ut 200 spe cies. On the otherha nd, the flow ers of s o m e
Strychn o s species strikingly re s e mble tho s e of Ga rdn er/
.
a , a sm al一ge n u s with
o nly 5 spe cies. T he distin ct diffe re n ceis that the ov u[e in e a ch (o c ulu s of
2 2
Ga rdn e rI
-
a is o n e･ whJle thos e of Strychn os are n u m ero us a nd the 一e ave s of
StTyChno s arepro min e ntfy 3-7 n erve s sta rting fro m n e arthe ba s e(Bop, 1 953;
Le e u w e nberg, 1980).
T he indo[e aJkaloids de riv ed fro mtrypta m J
'
n e a nd s ec ologanjn c anbe
- cla s sified into eight type s, a c c o rding to the stru ctura一 cha ra cte ristics oftheir
Skeleto n s･ T hey a re･c o ryn a nthe a n- o rC-type, e.g. s arpagine (9), ajm aJicin e,
ko umidine; vin c o s a n- o rD-type, e .g vin co sl
'
de (1 0), taJbotin e; v a=e sia chota m a n-
or V -type; e.g･ v a=esia chota m ]
'
n e(ll); strychn a n- o rS-type, e.g. v o micin e(12),
akua m micin e; aspido sper m at n- o rA-type, e .g. a spidosperm atin e, c o ndylo c arpin e
(13); ebu rn a n- or E-type, e.g. vinc a min e (14), dichotJ
'
n e; Pfu m era n- or P
-
type, e.g. kopsin e(15), a spJ
'
dospe rm I
'
dJ
'
n e; and ibogan- o rJ-type, e .g. v o aJutein e
(16), ibogain e.
Alkaloid-type s
ク′
ら .
N
Coryn anthe an
(C-type)
什 ノ
H O
ク′
もI.
Alkaloids
N
H H′
′
N.
I
H
15
､
勺
H3C
SarpagJ
'
n e(9)
C H20H
2 3
什
一
”
も､
N
Vin c o s a n
(D -ty pe)
ク′
ら.
N
.I
ValJe sia chota m a n
(V-ty pe)
ク′
も､
S叫 chn a n
(S-type)
H
ヽ
什
一
ク′
も､
ク′
≒さ､
ク ′
も､
HO
N
H
H
H3C O O C
′
N H
1 5
も､
Vinc o side (10)
N
H H
′
H3C
H
ノブ
N
15
H2
′H
0
. O GJu
H
C O O C H3
C H O
Valle sia chota mine (ll)
N - C H3
N H 15
H
I
I
H
○
Vo micin e(1 2)
､
H
､
勺
2 4
タ′
N
H
ク′
も､
Aspidosperm at n
(A･ty自e)
ク′
ち.
N
Eburn a n
(E-type)
クー
も､
P 山m era n
(P-ty pe)
ち. ミゝ
. 15
H
C O O C H3
Co ndylo c arpin e(1 3)
ク′
ミゝ
.
HO
N
H
I
H3CO O C/
Vinc a min e(14)
N
ク′
も､
N
H3C O O C
Kopsin e(1 5)
15
■
N
15
p
H
O H
2 5
ク′
ミゝ
.
N
lboga n
(J-type)
;㌢
■
ミゝ
.
N
H
H3C O O C
Vo aluteJ
'
n e(16)
N
一
15
T he eight skeletaJ type s of indo]e alkafoids c a nbe divided bioge n etic aIIy
into tw o m ain gro ups :the C･ , D- , V- , S- a nd A-type s c o ntaining a ske一eto n
with a n o n re arr anged se c olga nin m oiety a nd the E- , P- a nd J-type s with a
r e arra nged s e coJ ga nin m ojety. This cla s sific atio n js c o nfir m ed in additio n to the
c o m m o n stru ctura( fe atures, by the fact that all of the C- , D - . V- , S - a nd A-
type alkaloids
- with kn o w nabs o山te co岬gu ratio n show the s a m e abs o山Ie
c onfiguratio n at C(1 5) a s s ec o[oganin (1 7) at C(7). On the otherha nd, alkaloids
with a
.
re arra nged s e c oJ ganin c ompo n e nt(E-, P - I J-) c a n o c c ur with either
abs o一ute c onfiguratio n.
4
5
C H O
H一
‾
=3C O O C/
も､
∫
H2
H
0
βG 山
10
s e c olganin (1 7)
The skeletal type s wJ
'
th a re a rra nged s e c ol ganin m oiety(E- , P - a nd J-
type s) o c c urexclusivelyin the s ubfa m‖y Plu m erioide a e ofthe Apo cyn ac ea e. T he
o c cu rren c e of alkaloids of A- a nd S･ type sis re stricted to the Logania c e a e a nd
2 6
Apo cyn a c ea eL Onthe otherha nd, a[ka暮oids of C-, D- andV-typeshav ebe e ndete cted
in a” ofthethre ep(a nt fa mi‖es･ T he Loga nia ce a e, o nly C-type alkaJoids ha v e
be e nis olated fro m Ge/s e m I
'
u m a nd Mo stu e a of the GeLs e mieae. Of the other
tribe･ Strychn e a e･ Gardne ria spe cie s c ontaJ
-
n o n[y C-type alkaloids, where as
aJkaloids of C-･ D- ･ V- I S- a nd A-type sha ve be en is o(ated fro m spe cie s of
Strychn o s･ The m o st abu nda nt aJkaloids ”.the Loga nia c e a e areof the S
-type4
The o c cu rre n c e ofindole alkaJoidsin the Logan]
'
a c e a eis sho w nbelo w(Kis akurek et
aノ. , 1983).
Nu mber of C- D- V- S- A - Total
in ve stigated specie s
GeZs e mie a e
Ge/se mI
'
u m
Mo stu ea
Strychn e a e
GaFdn erJ
'
a
Strychn o s
Tota(
71 10 0
24
68 7 6
75 1 04
49 356 50 8
49 356 1
49 35 6 1 51 2
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fthe Lo o a n
As m e ntio n ed befo re, o n(y fo urgene ra ofthe Loga nia c e ae are kn o w n
definitely to be aJkaZoid be ar mg, the fJ
'
r sttwo ge n era ar eGe/s e miu m, with 3
specie s, and Mo stu e a, with 8 spe cie s, belo ngingto the tribe GeJs emie a e. The
othertw ogenera一 StTyChn o s･ a gen u s c o mprising abo ut200spe cies a nd Gardne rI
･
a,
with o nly5 spe cie s beJo nghg to the tribe Strychn e a e.
1 . C he mistry,of Ge/s e m /
.
u m A[kaloids
T he ge n u sGe/s emiu m co mpn s e s ofthre e spe cie s :Ge/se miu m e/ega n s
Be nth･ in So uthe a stern Asia; Ge/sem /
'
u m s e mpe w I
-
r e ns(L.) Ja u m e St. -H ‖aire
and Ge/s e m /
'
u m r a nkijlI'/' Sm aJ =n the United State s. A bo ut 20 aJkaloids ha vebe e n
isolated fro m Ge/s e miu m spe cie s a nd n e w aJkaloids a re c o ntinu a1[y beJ
･
ng
e n co u ntered.
1･1 AlkaloidsIs olated fro mSpe cJ
'
e s of Ge/s e m /
'
u m
T he aJka(oids reported to be pre s e nt in the spe cies of
Ge/s a m /
'
u m are s u m m a riz ed a sfoJJo w s:
l･l･l Gelse m I
-
u m elegans Be nth.
R∞ts :hu m a nte ndin e(Ya ng and C he n, 1982)
: hu m a nte n min e(gels e nicin e), hu m a nte ndin e (1 4-hydro xy-
gels e nicJ
'
n e), gels evirine, ko u min e, geJs e min e, hu m a nte nin e,
hu m a nte nirin e(Ya ng a nd Che n, 1983)
: 19-(Z)- aku a m midine, 1 6- epl
'
- V O a C a rPJ
.
n e, 19-hydroxy･
dihydrogeJs evirin e, ko u midin e, gels e m I
'
n e
,
ko u min e
,
geJs e virine, gels e nicin e, 1 4- hydro xygels e nicJ
'
n e
,
hu mantenin e(Sakai et a/. , 1 98 7)
: 1 9･(Z)-taberpsychin e(Po ngJu x et al. . 1 9 8 8)
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R ∞ts :(19R)-kou m I
'
n o( a nd(19Sトko u min oI(Su n, Xing a nd Lja ng,
19 8 9)
Ste m s a nd branches :ko u min e(Ja n Qt et a/. , 1953)
Le a ve s
Se eds
W hole p一a nts
Not m e ntio n ed
: eJega ns a mine, gels e min e. ge(s e virin e, ko u m J
'
n e, getS e nicin e.
1 41hydro xygels e nicin e, hu m ante nine, 19-(Z)- akua m midin e
ko u midin e, 1 6- epトv o ac arpin e(Po ngJu x et a/. , 19 8)
: ge[se mine(Jan ot et a/. , 1 953〉
: ko umine N- o xide, gelse min eN- o xide a nd 19-o x oge(s ehicin e
(Po nglu xeta/. , 1988)
:14-hydroxygelsedin e(Po nglu x et a). , 1988)
: ko u min e
, gelsemin e, kouminin e, ko u minicine a nd ko u mini-
din e(C hi, Kao and Hu a ng, 193 8)
: s e mpervirin e(Ja n ot et a]” 1953)
:ko u midin e, gelse min e, ko u min e, gels edin e a nd aku a m midine
(Jin and Xu, 19 82)
: ge)s e m a mide andl l- m etho xygels e m a mide(L舌n et a)･ ,1989a)
: N-de s m etho xyr a nkinidin e, 1llhydro xyra nkinidin e,
i1-hydro xyhu m a nte nin e a nd 11- m etho xyhu m a nte nine(Lin
et a/. . 1 989b)
:ko u micin e a nd ko u midin e(Liu et a/” 1961)
:hu m a nte n min e, hu m a nte nine, hu m ante ndine, hu m a nte nirin e,
ko u min e, gels emine andgelsevirine(Ya ng and C hen,_
1 982a;
19 84)
:gels e niche, geJs enidin e(Du et aJ･ , 1 9 82)
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11l･2 Ge/s e miu m se mpervire ns (L.)Ja u m eSしHnaire
Ro ots :gels emine. se mpervirin e, geJs e micin e, gels ed]
-
n e a nd
gels e virin e(Schw arzand Ma rio n,1953)
Ro ots andrhiz o m e :geLs e min e(Mo o re, 1 910)
: gelsemine, s empervirin e a nd gels e micin e(Forsyth et a/. ,
19 45; Ferr eiro. 19 45)
Ste m s :1 4β-hydr o xygeJs edin e(Schu n and CordeI[, 1985)
Notm e ntion ed
Ste m s
: se mpervirin e, gels e min e, geJs e midin e a nd gefs e moidhe
(+sayre, 1 919)
: gels evirine (1- m etho xygels e min e) (W ichtJ et a/. , 19 73)
: 2l- o xogeJs emin e(Nikifo ro v e[ a/. , 1 9 7 4)
1.l.3 Gels e mI
'
um rankI
'
n I
' '
Sm aJI
: 21- o xogels evirin e, ge(s e min e a nd ge暮s e virin e(Schu n,Cordell
a nd Garla nd
,
19 8 6)
: ra nkJ
-
nidin e
,
hu m a ntenirine and hu m a nte nin e(Schu n a nd
Co rdell, 1 986)
1.2 Stru cture s of Ge/s e m /
'
u m A(ka(oids
The aJkaloids obtain ed fro mthe specie s of Ge/se m /
'
um , c an be
divided intotwo main groups,indole aJkafoids a nd o xindoJe alkaJoids.
1.2.1 lndo[e alka[oids
T he alkaJoidsin this gro up ha v ebe e n cla ssified into
thre ediffere nt ske(etaJ types : s e mpe rvirin e-type, e.g. s e mpe rvirin e (18);
ko u min e-type, e･g･ ko u m ]
'
ne (19), ko u min e N- o xide (2 0); a nd s arpagin e-ty pe
(21), e ･g･ ko u mjdine (22), 19-(Z)- aku a m midin e (23), 1 6- ep卜V O a C a rP]n e
(2 4)I 1 9-(ZトTabe rpsychin e(25)亨s a n othe rtype of_
indole alkaloids is olated
3 0
fro m G･ e/ega n s Benth･ (O ha shiet al., 1963; De n ayer-To u rn ay et aI., 1 9 65;
Saka]
-
et a/” 1 987; Liu a nd Lu, 1988; Po nglu x et al. , 1989).
Se mpe rvirin e-type
Ko u min e-type
≠㌢
も ､
古本
R
. [
N
ク′
ら.
/
C H3
0
〔
”3㌔ノ
0
0
N
､
勺
J4N
も､
＋
s e mpervI
'
rin e (18)
ク
′
ら,. N
.メ
ko u min e(1 9): R = H
(19R)-ko u min oland(19S)-ko u min ol:R = O H
Sarpagln e･tyPe
ク
′
も､
N
H
(2 1)
R
/
3
′
ko u min eN-o xide (20)
Rl
N
､
ゝ
1 9
R2
3 1
Alkaloids Rl
ko u rnidin e(22) CH〆)H
19-(Zトaku a m midin e (23)CCX m
16- epi- v o a c a rpin e (24) CH20H
ク′
もさ､ ヽ
N
H
N=
R2
C H20 H
∝X にH3
も､
19
19 -(Zトtaberpsychin e (25)
R3 C(19)
O H
1.2.2 0xindo(e alka(°ids
The o xindole alkaloids is o一ated fro mthe spe cI
'
e s of
Gels e m I
-
u m ha v ebe e n clas sified intothre edifferentskeletaltype s :geJs e min e-type,
e･g･ gels e min e(26), 21-o x oge[semin e(27), geJs evirin e(28), 21- o x ogels e virin e
(2 9), 1 9-hydro xydihydrogels e vJ
'
rin e(30), ge(s e mine N- o xide (31); hu m a nte nin e
-ty pe7 e･g･ N -de s m etho xyra nkinidin e(3 2), ra nkinidin e (33), l l-hydroxyr,
a nkini-
din e (34), hu m a nte nin e(3 5), l l-hydro xyhu manten]
'
n e (3 6), hu m a nte nirin e
(3 7), 11･ m etho xyhu m a nte nine (38); ge(s edin e-type, e.g. geJs edin e(39), 1 4-
hydro xy gels edin e (4 0), gels emicin e (41), 1 4-hydr o xy ge(s e micin e (42),
gels e nicin e (43). 1 4･hydro xygets e nicJ
'
n e (4 4), 19- o x oge)s e nicin e (45),
elega n s a min e(46) (Love[], Pepin sky a nd W ils o n, 1 959; W e nkert et a/. , 1972;
Nikiforo v et a/” 1974; Ya ng a nd C he n1984;Schu n a nd CordelI, 1985; Schu n a nd
Co rd 釧, 1 9 86; Sakai et a/. , 1987; Po nglu x et a/” 198 8. , Po nglu x
'
et a/. , 1 9 8a;
Lin et a/･
,
1989b; L舌n et a/. , 1 989a). Fu rthe r m o re, othe r tw o alkaloids,
gels e m a mide(4 7), a nd ･1 l- m etho xygeJs e m a mide (4 8), mightbe de riv ed fro mthe
32
hu m a nte nin e-type･ e spe ciaHy, r a nkinidin e(3 3) a nd hu mante nirne (37), by
re arra nge m e nt of･the Nl- C2bo ndto C2- N4(Lin etai. , 19 89a).
Gelsemin e-type
ク
′
㌔.
N
Rl
AlkaJoids
gels e min e(2 6)
2l- o x oge[s e min e(27)
geJs e virin e(28)
メ:H3
- N
/
C H3
R2
ク′
㌔ .
N
H
gelse min e N-o xide(31)
Rl
㌔
R2 R3
H2 H C=CH2
0 H C=C H2
O C H3 H2 H C= C H2
2l- o x oge[s e virin e(2 9) O C H3 0 HC=C H2
1 9- hydro xydihydro-
gefs e vjrin e(30) O C H3 H2 H O-C H-C H3
3 3
14
ク
′
ll
モゝ､
R3
ド
Rl
N
∫
Rヱ
､ 一
句
Hu mante nin e-type
A[ka(oJ
'
ds
N-de s m etho xyrankinidin e (3 2)
ra nkinidin e (33)
1 1-hydro xyr a nkinidine(34)
hu m a nte nJ
'
n e(3 5)
ll-hydro xyhu m a nte nin e (3 6)
hu m a nte n]
'
rine (3 7)
11- m etho xyhu m a nte nin e(3 8)
Gels edin e-type
Rl
ク ㌢
a
N
0 C H3
Rl
∝トb
∝トb
∝トも
∝トb
∝トも
∝トも
H4 1 9
R3
R2
C H3
C H3
C H3
R3
O H
O H
∝H3
0C H3
3 4
Alka(oids Rl
gels edin e(39) H
14-hydr o xygels edine (4 0) ”
gels e micin e(41) ∝Lb
1 4-hydro xygeJs e m J
'
cJ
'
n e(42)O C H3
gefs e nicin e(43) H
(o r20-N 4-didehydrogefs edin e)
1 4-hydro xygeJs e nicine (44)H
1 9- o x ogels e nicine (4 5) H
ク
′
§ ､ゝ
#
l l
㌔ .
Rl
N
O CH3
N
elega n s a min e(46)
14
H
N
さヽ
O C H3
0
R2
OH
O H
0り
OH
ノ≠
HOhF,
0
R3
H2
H2
H2
H2
H2
H2
し
o
CH3
N
､ ■く≒
gels e m a mide(4 7): R= H
l l- m etho xygelsem a mide(4 8): R= O CH3
3 5
2. Che mistryof Mo stu e a Alkaloids
The ge n u sMostu ea c o n sits of 8spe c]
'
e s : o nein the n o rthernSo uth
Am eric a andthe re stin tropICaJ Africa. T he arkaloids of Mo stu e a a nd Ge/G e m /
'
u m are
v e ry sim‖a r.
2･1 Alkaloids[soJated fro mSpe cie s of Mo stu e a.
The aJkaJoids r epo rtedto be pres e ntinthe spe cies of Mo stue a
are s um m ariz ed asfollo w s:
2･1 ･1 Mo stu eabru n o n/
'
s Didr･ va r･ br u n o n I
'
sf･ a ugu stifo/I
'
a
R∞ts : s e mpervirin e(On a nga a nd Khu o ng-Hu u, 19 8 0)
Ste m s : 14-hydro xyge(s e micin e(Onanga a nd K hu o ng- Hu u, 1 9 8 0)
Ste m s a nd Le a ve s : m o s山ein e, 20-(N4)-dehydroge暮s emicin e, geJs e micin e
･(Ona nga a nd K hu o ng･Hu u, 1980)
2･l ･2 Mo stu e abu chho/zI
'
i Engl.
Bra n che s and Le av e s : s e mp rvirine (Gelfen a nd Schw arヱ, 1951)
2.l.3 Mostu e a s(im u/a nsA. C he v.
Notm e ntio n ed : s empe rvJ
'
rin e, geJs e min e(Paris a nd Moys e- Mign o n, 19 4 9)
2.2 Stru cture s of Mo stu e aAJkaloids
On(y very fe w studie sha v ebe e n m ade o nthe alkaloids of
Mo stu e a a nd m u ch m o re c e rtain infor matio n s ar e u ndo ubtedly n e eded･ So far
reported alm o st aJIofthe M o stu e aa(kaloids aretho s efo u nd a一s oin the ge n u s
Ge/sem /
'
u m a ndthe)
'
r stru ctu re shave alre adybe e n sho w n. Furthe rm o re, m o stu ein e
(49)is o[ated fro m Mo stuea bru n o n/
'
s Didr. v a r. br u n o nisf. a ugu stifo/I
'
ais ofthe
indoJe gro up, but the stru ctureis n ot similarto tho s etype s of Ge/s e m I
'
u m indole
aJkaloI
'
ds.
3 6
ク
′
も､
H3C
N
グ や
H
I N 伽 C H3
m o stu ein e(49)
3･ C he mistry of Gardn e ria A]ka[oids
Japa n es e rep sentative s ofthe s m allge n u sGardn e r(
'
a, c onsisting of
5-6 spe cies o cc urring fro mIndia to Ce ntralJapa n, ha v ebe e n
■
e x a min ed in s o m e
detai一bySakaia ndhis c o w o rke rs, a nd m orethan18 alkaloids ha v ebe e niso[ated.
3･1 AIkaloidsis olated fro mSpecie s ofGardner)
'
a
The alkaloids reponedto be fo u nd in the specie s of Gardn erJ
'
a
are s u m m a riz ed a sfol[o w s :
Ro ots a ndste m s
Roots a ndste m s
3.i.i Galdneria /
'
n s ula rjs Nakaj
: ga rdneramine, gardn e rin e, gardn utin e, 18-hydro xy-
gardn utine, 18-de m etho xygardn er a min e (Haginiwa et a/. ,
1970; Biss et and Ph 川ips o n, 1 9 76)
3.1.2 Ga rdn e ria m u/t/
'
flora Makino
: ga rdn e ra min e, gardflor a m )
'
ne, 1 9･(E)-18-de m etho xy･
gardn e ra min e, 18-desm etho xyga rdf(oramin e, chitose nin e
(alkatQid F)(Sakai et a/i, 1 9 75)
: gardn era min e N- o xide, e x o m ethyle n e c o mpou nd,
3 7
1 8-de m ethy(ga rdnera min e(a】kaloidG), gardm u(tine
(aJkaJoid E), a[kaJoid ), aJkaJoid J, alkaJoJ
'
d N, alkaloid M,
a[kafoid L(Sakai, 1 976;Sakai et a/. , 1977)
18-de m etho xygardm uJtin e(Sakai et a/” 1982)
Ro ots a ndste m s
Ro ots a ndste ms
3.1.3 Gardn e rI
'
a n uta n sSieb. etZu cc.
: gardn e ra min e, gardn erin e, ga rdn utin e, hydro xygardn utin e
(Haginiw a etaI. , 1967; Sakai, Kubo a nd Haginiw a, 1 969;
Sakai etaJ. , 1969;Sakai et a/. , 19 7 1)
1 9-(E)-1 8-de s m etho xygardn er a min e(Sakaj, 1976)
: 18-hydro xygardn erin e(Aimi et al一 , 1 978)
3.l .4 Gardn eria sh/
'
m adai Hayata
: gardner a m ]
'
ne, 18-de methy[gardneramin e, gardm uZtine,
chito s e ni e(Hagjniw a eta/. , 1970;Bis s et and Ph川ips on,
1 9 76)
3.1.5 Gardneria //
'
ukiu ensis Hatsu shim a
: AIka[oids ofythis spe cie s w er eprov ed to be quite sim‖arto
that of Ga rdnerJ
'
a m ultif/o ra Makin o(Sakai et a/. . 1977)
3.1 .6 Gardneria a ngu stifo//
'
a W a=.
: Thele a v e s ofthJ
-
s pla nt cone cted fro mNepal in 195 4, ga v e
a n e xtra ct which afforded a＋＋＋ te st; tlc indic ated the
pre s e n c e ofthre e m ajo r a nd thre e min or alkaJoids(Bis s et
a nd P hi[[ips o n, 1 976)
38
3.2 Stru cture s of Gardn eria AIkaloids
T he a(ka(Bids is olated fro mthe spe cie s of Gardn eria, c a nbe
divided hto thre egroups,indole, o x)
'
ndole a nd imin o･ ethe r.
3.2.1 暮ndole alkaJoids
T he indole alkaloids is olated fr o mthe specie s of
-Ga rdn e ria a re ga rdn er]
'
ne (50), 1 8･ hydro xygardnerine (51), gardn utin e (52),
1 8-hydro xygardn utin e(53) (Sakai et a/. , 1 9 6 9;Aimi et a/. , 19 78).
H O H2C
ク′
ら..
H3C O N
H
ga rdn erjn e(50)
i 8-hydro xygardn erin e
ク′
ミゝ
.
H3C O N
H
gardn utin e(52)
18-hydro xygardnu伽 e
や
N.
R
: R= CH3
(51) : R= C H20 H
N､
ヽ
R
: R: ‡C H3
(53) : R= C H20 H
3 9
3.2.2 0xindoJe aJka(oids
The o xjndoZe aJkafoJ
'
ds is olated fro mthe､spe cie s of
Gardn er/
.
a are aJkaJoI
'
d ”(5 4), chito s e ni e(alkalol
'
d F)(55), a[kaloid L(56),
alkaloid ((57). aJkaJoid N(58), aJkaloid J(59), e x o m ethy(e n e co mpo u nd (60),
and din er)
-
c alkaloids, gardm uJtin e (61), de m etho xyga rdm uJtJ
'
n e (62) (Sakai,
一19 76; Sakai et al” 1977;Aimi et al. , 1978; SakaJ
'
et a/” 1982).
H3C O ク
′
も､
N
O C H3H
AlkaJoJ
'
ds
alkaloid M(54)
chito s e nhe (5 5)
aJkafoJ
'
d L(56)
aJkaJoid (57)
aJka(oid N(58)
alkaloid J(59)
e x o m ethy(e ne c o mpou nd(60)
0
′N
R2
さヽ- Rl
RI R2
CH20 H H
C H3 0 H
C H20 H C H20 H
C H2∝ H3 H
C H2∝ H3 0 H
CH2∝ H3 C H20 H
CH2∝ H3
R3 C19
C H20 H ～
C H20 H ∈
-
C H20 H
C H20 H
C H2
4 0
H3CO ク
′
もゝ
OC H3
ク
′
N
Q
-
-
● ■
N
H
.N
0
ヽ勺
C H3
ク′ C H2
-R
H3C O
も､
O C H3
､N
gardm ultin e(61): R= O C H3
de metho xygardm u帖n e(6 2): R= H
3.2.3 Imin o- ether a(kafoids
T heimin o- OtheraJka[oidsis olated･fro mthe species of
Gardn e rI
'
a a r egardnera min e(63), gardn era min e N- o xide(64), 18-de m ethyi-
gardn e ra min e(65), 1 8-de m etho xyga rdn e ra min e(66), gardflo ra mjn e(67),
de m etho xyga rdflo r叫 n e(68)
et a/･
, 1977).
H3C O ク
′
も ､
(白is s et and Ph ‖ips o n, 1 9 7 6; Sakai, 1 9 76; Sakai
.N
A
N
O C H3
AIkaZoids
gardn e ra min e(63)
gardn er a min e N ･ o xide (6 4)
18-de m ethyJga rdn era min e(65)
1 81dem etho xyga rdn era min e(66)
も､
C H2-R
∝H3
∝H3
0 H
C1 9 N(b)
l
′ N ､
ノんでO
I
′ N､
l
′ N+
4 1
㍗
0
○
ク
′
ら..
O CH3
J 6
N
一N
さ､
C H21 R
Atkaloids
gardf]o r a min e(67)
R C1 9
∝ H3 ZorE
de m etho xygardflo ramin e(68) H ZorE
4. C he mistry of Strychn o sAlkaloids
T he ge n u sStlyChn o s c o mpr(s o s abo ut 20 0 spe cie s distributed
thro ugh o ut the tropIC S a nd s ubtropIC S Ofthe w o rld. T here a re abo ut 71 spe cie sin
Ce ntral a nd So uth Am eric a; 75 spe c]
'
e sin Afric a a nd abo ut 4 4spe cie sin Asia
(Balgooy, 1966;Le e uw enberg, 1980). A bo ut 200a[kaJoids ha v ebe e nis oJated fro m
vario u s S(rychn o s spe cJ
'
e s a nd n e wtype s of aJkaloid ar e c o nti u af[y being
e n c ountered(Bis s et, 19 80).
4 ･1 AIka(o]
'
dsis olated fro mAsia n spe cie s of Strychn o s
T he alka(oids reported to be pre s e n= n the Asia n spe cie s of
S〟ychn o s are su m mariz ed a sfo”o w s :
Strychn o s a ngu st/
'
〟o ra Be nth.
: angu stin e, a ngu stolin e, a ngu stidin e(Au, C he ung a nd Sternhel(,
1973)
?･ a xiI/aris CoJebr･ (S. ps/
'
Io spe rm aF.v. Mu elI.)
: strychn o sper min e(de a c etyJstrychn o sper min e), sper m o strychnin e
(Shaw a nd Dela La nde,1 9 48;An et, Hughe s a nd Rstchie, 1 953;An et
4 2
a nd Sir Robinso n, 1955)
S} /
.
gn at/
'
]
'
Be rg･(S･ o v a//
'
fo//
'
a wau. e xG･ Do n, S･ t7
･
e ute Le sch･ , S. c u spJ
･
data
A.W
. Hi一l)
: strychm
'
n e
, bru cin e, ps e udo strychnin e･ps e udobru cin e,1 2-hydro xy1
11- m etho xy- N- m ethyls e c･ -ps e udo strychnin e, N - m ethy( Eec:
PS eudoサ c oJubrine, djabo[he(Casinovi, Ma rin 柑 etto(o a nd
Biss et, 1 96 2;Ca sin ovi et a/u 19 6 4;Biss et et a/. , 19 65; Bis s et a nd
W o ods･ 1966;Bis s et, C ho udhury a nd Walker, 1 974;Biss et a nd
W alker, 19 74)
: diaboJine,ic ajin e, n o v a cin e, v o micine(Biss et a nd P hiI]ipson,
1976)
: Io ngic a udatin e(Ma ssiot et al. ,198 3)
S･ /u c/
'
da R･ Br･ (S. IJ
'
gu strjn aBf.)
: strychnin e, β-c oJubrin e, bru cin e(An et, Hughe s and Rstchie, 1 953;
Mathis a nd Duqu e n ois,1963)
: strychnine. bru cJ
'
n e, bru cin eN- o xide, ps e udobru cin e, β-c o山brine,
n o r m a c us)
'
ne B, ps eudostrychnine, diaboh
'
ne, α - c olubrin e,
β- c o(ubrine, akuam midjn e, Jo ngicaudatine(Bavov ada, 1983)
S. n u x- v o m /
'
c aL.
: strychnin e, α - c oJubrin e, β- c o(ubrine, 1 2-hydro xystrychnJ
'
n e,
bru cin e
, strychnin eN- o xide, bru cin eN-oxide, ps e udoslryc 仙 n e,
ps e udo -α - c oJubrine, ps e udoサ c oJubrin e, ps e udobru cine, ic ajin e,
v o micJ
'
n e, n O Va CJ
'
ne, is o strychnin e, (十)- C- m a v a c u rhe, cantJeyine
(W a rn at, 1931; Martin et a/. , 1952;C hatterje e a nd Ba s u, 1 9 6 7;
Bis s et a nd P hi川pso n, 1971; Bis s et a nd P hjuips o n, 1973;
Heim berger a nd Scott, 1 973;Biss et a nd C ho ud hury, 1974a;
Galeffi, De‖e Ma n ache a nd Marini-Bettolo, 19 7 4)
4 3
: Io ngjc a udatin e(Ma s siot eta/. , 1 983)
S･ WaJI
'
chI
.
a n dSte ud･ e xD C･ (S･ c olubrin aLり S･ ga uth/
'
e r a na pie rre e xDop)
: strychnin e, bru cin e, 12 -hydro xyl 1- m etho xy- strychnin e,
strychnin e N- o xide, br u cin e N- o x ]
'
de, ps e udostrychnjn e,
PS eUdobru cine, ic ajin e, v o micin e, N- me thyトs e c. - ps eudo叩-
c o(ubrin e
,
n o va cine, 15-hydr o xy-[ c a)[n e, 1 5-hydr o xyn o va cine,
ic al]n e N- o xide, N- cya n o- sec･ - ps e udo strychnin e, N- cya n o- s e a. -
ps e udobru cin e(Mathis and Duqu e n ois, 1 96 3;Bis s et a nd P h ‖ipso n,
1971; Bis s et a nd P h 川ips o n,197 3a; C ho ud h･u ry,1 9 72; Bis s et,
C ho udhury a nd Wa(ker, 1974;Biss et a nd Cho udhu ry, 1974b).
4･2 Stru cture s of Asia nStrychn os N kaJoids
The a[kaloidsis olated fro mthe Asia nspecies of S(rychn o s, c a n
be divided into thre e s erJ
'
e s･ No rm a/s erie s, Ps e udo s erie s a nd N- Methyトs e c･ -ps e udo
S erle S.
4.2.1 Nor m a/Serie s
T his s erJ
'
e sha s strychnin e a s a m ode暮 stru ctureand
include s aro m atic s ubstituted co mpo u nds, the se alkafoJ
'
ds are strychnine(69), 12-
hydro xystrychnin e (70), β- c olubrine (71), α - c olubrin e ･(7 2), bru cin e (73),
12･ hydro xy-ll- m etho xystrychnin e (74).
No r ma/Serie s
Rl
R2
ク′
も､
R3
○
N
2 2
1 4
1 8
2 1
4 4
AIkaloids
strychnin e (69)
1 2-hydro xystrychnin e (70)
β- c oJubrine (71)
cL I C OIubrin e (72)
bru cin e (73)
Rl R2
∝H3 H
H ∝H3
∝H3 ∝H3
1 2-hydro xy･1 1- m etho xystrychnin e (74) H ∝H3
R3
O H
○トⅠ
4.2.2 Ps e udo Se rie s
T he alka(oids ofthis s erie s are o xidatio nproducts of
the n o r m al s erie s at the C3 PO Sitio nto form a c arbin olamin e. T his s eries m ay be
c aJIed the 3-hydro xy s erie s, a ndthe alkaloids of this s erie sis olated fro m Asia n
spe cie s of Strychn o s arepseudo strychnin e (75), ps e udoサ c o[ubrin e (7 6),
ps e udo - α - c oJubrin e(77), ps e udobru c]
'
n e(7 8).
Pse udoSe rie s
Rl
R;
ク
′
も､
AJkaloids
ps e udo strychnine (75)
ps e udoサ c o山brin e(76)
ps e udo - α - c oJubrin e(77)
ps e udobru cin e(78)
RI R2
∝H3
∝H3
∝H3
∝H3
O H
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4.2.3 N- Methyトs e c. -ps e udo s e ries
The alkaloids ofthis s eries ha v e a c arbo nyl fu n ctio n at
C3 a nd a m ethyJ gro up atta ched tothe ba sic nitrogen. T he alkaloids of this s erie s
areic aJ
'
in e(79), v o rnicin e(80), n o v a cin e(81), 15- hydro xyic ajhe (82), 15-
hydro xyn o v a c)
L
n e (83), 1 21 hydr o xy･11 ･ m etho xy- N - m ethy[- s ee . -ps e udo -
strychnine (84), N- m ethyトs e c/ps e udo -B- c olubrin e (85).
Rl ク′
もー .
R3 叫
N - C H3
Alkaloids
ic ajine (79)
v o micine(8 0)
n ov a cin e(8 1)
1 5-hydro xyicaj盲ne (82)
1 5-hydr o xyn o v a cin e(83)
1 2-hydr o xy-il- m etho xy- N - m ethyl-
s e c/ps e udo strychnin e(8 4)
RI R2 R3 R4
H H O H H
∝ H3 ∝H3 H H
H H H O H
∝ H3 ∝H3 H O H
∝H3 0 H
N･ m ethyI- s e e. 1PS e Udoサ coJubrine(85) O C H3 H
4･2･4 0ther AsianStrychn os alkaloids
Othe r indoJe alkaloJ
'
dsis olated fro mAsl
-
a n spe cies of
S(rychn o s are strychnin eN- o xide(8 6), bru cin eN- o xide(8 7), sper m o strychnin e
(88), strychn o spe rmin e(89), de a c etylstrychn o spe rmin e(9 0). diabolin e (9 1),
4 6
is o strychnJ
'
n e (9 2)･ a ngu stin e(93), a ngu sto[ine (94), a ngustidin e(95). C-
m a v a c u rin･e (96), n orm acu sin e B(97), aku am midin e (98) a nd lo ngic a udatin e
(9 9ト
Rl
ク
′
ら,.
R3
R4
N . d
O
strychnin eN-o xide(86): Rl = R2- R3= H
bru c)
t
n eN- o xide(87): Rl= R2= O C H3, R3= H
ク′
Rj
AIkaloids
ミゝ
.
N
1
R2
Rl
spe｢ m o strychnin e(88) H
st｢ychn o spermin e(89) ∝ト七
de a c etylstrychn o spe r min e(90) ∝H3
R2
C ∝H3
C ∝H3
0 H
4 7
ク
′
も､
(:ヒ=
ク
′
≒ヽ
N
I
C
I
C H3
H O
diabo‖ne (91)
N
■
H
AIkaloids
a ngu stin e(93)
a n9U StO仙 e(94)
a ngu stidin e(95)
N
J#
モゝ.
R2
ク′
もー.
N
C H20 H
is o strychnin e (92)
ク
'
ミゝ
､
RI
C H= CH2
C H(O H)- C H3
N
ヽ
C H20 H
C- m a v a c u ｢in e (9 6)
､勺
R2
C H3
4 8
Rl
R2
､
勺
ク
′
も .ー
no r m a c u sine(97)
aku am midine(98)
ク
′
ら,.
H
N
ら,～
≒ゝ
N
H
N
､
Rl -- ”
Rl: ;C O O C H3
H
N
､く§
一#
to ngic a udatin e(9 9)
R2=C H20 H
R2=C H20 H
5. Re actio n s of Alkaloidsfro mLogania c e a e
5.1 Re a ctio n s of Ge/se miu m alkaloids
Gels e min e affo rds ac etytgels e min e whe nboils for o n eho ur
with a c etic a nhydride in the pr es e n c e of a tra c e ofpyridin e (Mo ore, 1911)･ On
catalytic hydroge n atio n o v erpatladiu m, gels e min egiv es ris e to dihydroge)s e mine
(Phu a nd C ho u, 19 40)･ Ov er A da m s' plat
.
m u m c atalyst, the dihydro
-deriv ativ e
a nd the n m o re slo wly he x ahydrogels e min e are produ c ed･ On the
'
othe rha nd,
gets e mihe is re c ov ered u n cha nged afte r redu ctio n with sodiu m and cyclohex a n o1
4 9
(Forsyth, Marria n and Stevens, 1 945). W he ntr e ated ge[s e min e in toJu e n e with
dispersio n of sodiu m hydride in min e ral oil a nd m ethy[ iodide, N(a)- m ethyl-
gels erni e m ethiodide盲sprodu c ed (Roe a nd Gate s,1960).
The degradatio n of gels edin e(39) to de m etho xygels edine
-(100), prepa red by tre atm e nt of s o[utio n of gels edin e in Othe r and
tetrahydrofuran･ and s o[utjo n of =thiu min =quJ
'
d a m叩Om
-
a for 3 0min･ This c a n
also be do n eby refluxlng the s olutio n ofgeJs edin ein be n ze n e a ndI-butyla(c oho-,
w hife s odiu mis ad ded sJowfy over a2･5 hr･ pe riod. On tre atm e nt witha c etic
a nhydn
'
de a nd pyridine for18 hr･ at ro o mte mperature, de m etho xygeJs edin eyJ
･
eJds
Nb- a C etylde m etho xyge[s edine(1 01)･ On the otherha nd, a mixture of gels edin e,
s odiu mbica rbo n ate
,
m ethyl iodide a nd abs olute etha n of is reflu x ed for 24 hr.
Nb- m ethyfgeJs edin ehydroiodide (10 2)is perfo rm ed. GeJs edjn e als o giv es Nb-P-
lo(uene suJfo nylgels edin e (103)bytre atm e nt ofthe s olutio n ofgels edine and p-
tolu e ne s uJfo nyJ chJo ride in pyridin e fo r1 hr. o n a ste a m bath a nd at ro o m
te mper ature fo r1 2 hr･ (W e nke rt et a/. , 1963). T he s e re a ctjo n畠 a re sho w nas
foIJo w s:
#
㌔,.
N
I
0 CfI3
N
I
CH3
.
E I
#
§ゝ
N
I
0 CH3
N
l
so2C6H4CB3
Nb- m ethylge[sedine hydroiodide(1 02) Nb-P-tOIu e n es uZfo nyfgeJs edin e(1 03)
＼ i
(39)
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#
§ゝ
#
㌔.
#
§ゝ
N
I
0CH3
珪
gels edin e(39)
.i
N
H
#
de m etho xyge[s edin e(100)
%
N
N
C - O C H3
H 8
N- a c etylde m etho xygels edin e(101)
5,2 Re a ctio n s of Gardn en
'
a alka(oids
Sakai a nd his c ow o rkers reported the bio mim etic
tra nsformatio n of 18-hydro xygardn e rhe (51).to l l- m etho xyko u min e (1 07)～
Upo ntre atm e nt of18-hydro xygardn e rin e with m ethy[ chloro c arbo n ate a nd a n e xc e ss
5 1
of Na2C O3in aq-T H Fs olut]
.
o ngav e Nb- C a rbo m etho xy- apo -1 8- hydro xyga rdnerin e
(10 4). A”yl alcohol w a s c onv erted to a cetate a nd m etho xy c arbo n ate. T he a c etate
w a sbro ught to J
'
ndole a nio n w J
-
th NaH J
'
n D M Fsolutio n a nd in the pre s e n c e of
triphe ny[pho sphin e, P d(O Ac)2 W a s addedto the D M Fs olutio n u nderAr a nd the
compo u nd(1 05) w a s obtaJ
'
n ed. Upo n redu ctio n with LiAIH4 atrt. , (1 05) w a s
tr a nsfor med s oJe暮y into Nb
- m ethylindo[ine derjvativ e(106). OxidatJ
'
o n of(1 1 6)
with P b(OAc)4 ga V e ris e to llイnetho xyko u min e (1 07). Thes etransfo rm atio n s
a re sho w n asfoHo w s(Sakai eta/. , 1986):
HOH2C
≠㌢
ら.､
H3C O N
H
N.
､勺
C H20 H
1 8-hydro xygardn erin e(51)
ク
′
ミゝ
.
H3C O
J4
N
(1 05)
○
､ゝ
N
H
C C u トb
Na2 C OS/Aq-T H F
H3C O
ク ′
ち..
N
H
N. ー CO O C H3
tq
(10 4)
C H20 H
N- C O O C H3I I
(
′
C H2
1
0 =C-CH3
5 2
(105)
LiAIH4
■■l
ち
0
H
6)
N-
H
1 0
且pb(｡ Ac,4
一
● ■■
-
tqb?
0
J4
N
(107)
H3C O
H3C O
ク
′
も､
ク′
も､
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BiQgB n BSis
･1. Bioge n esi of lndo(e AlkaJoids
The bioge n e si of indole alka(oids ha s e x citedthe intere st of orga nic
che mists fo r nl a ny ye a rs a nd e ar(y spe culatio ns w ere re vie w ed byRobin s o nin
1955. Sin cethe n radio a ctiv etra c er studie s ha v e sho w nthat tryptopha nis the
pre c urso r ofthe indoJe portio n of the m ajo rity of J
-
ndo(e aZkaloids. Tryptopha n
its elf is derived from shikim c a cid. The otherpo rtI
'
o n of indole alka(oJ
'
dsis C9 0 r
CIO- m O n Olerpe n e m oiety, Ioga nin a nd s ecologan]
.
n (17), which a re deriv ed fro m
m e v alo n ate･ Loga nin a nd s e col ga nin are aJso fulfilthe co nditio ns fo r bel
'
ng
tr u epre c urs or ofthe v ario u stype s of indoJe aJka暮oids(Ja ckso n a nd Smith, 1968;
Ko mpJ
'
s , He ss e a nd Schmid. 1971).
1･1 For m atJ
'
o n of S hikimic Acida nd Trypta m J
'
n e
l .1
.1 Form atJ
'
o n of S hikimic Acid
Tra c er studie s ha v e co nfir m edthat the for m atJ
'
o n of
shikim c a cid(1 08) in p一a nts foJ[ow sthe s a m e ro ute a sthat in m J
'
c ro o rga nis m s,
n a m e一y a c o ndens atio n of D- e rythro s e+トpho sphate (1 09) a nd
pho sphoen oJpyruvate (11 0)fro m which 3-de o xy- D - a r abJ
.
n O-heptulo s o nJ
'
c a cid
7-pho sphate(111)is obtained. E=min atio n of pho sphoric a cidgiv e sthe ketone,
for m a”yjn its e n of fo rm, that cyclizes to 3-dehydroquinJ
'
c a cid(1 1 2). S hikimic
a cid is fo rm ed by e=minatio n of w ater a nd redu ctJ
'
o n of 3-dehydro shikim c a c]
'
d
(113)･ Se v eral of the e n zym e s in volved in the s etra n sfo r m atio n shav e be e n
obtain ed fro mpfa nts (Co rdeJ[, 1981;Tors s eI= 983)･ T he bioge n etJ
'
c pathw ays
is sho w n a sfo‖o w s :
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C O O H
H
P
o
?f#o ･ p oi
o
c
o
H
”
2 7.ca.H
(1 09) (110) (1 1)
C O O H
H♂
･
･h｡J
叫 ･･一触 -
HOB.. . CO O H
O H
O H
(1 12)
.A
”
o H
H .
T･
o
.
o
H
”
(1 08) (113) quinic a cid
l･1 ･2 For matio n of Trypta min e
Robin s o n had ong]na[]y s ug ge sted that the tw o
nitroge n s a nd the a ro m atic portJ
-
o n of allofthe then-kn own indofe alkaJoI
-
ds
O rigJ
'
natefro mtryptopha n via its de carbo xylatio nprodu ct, tryptamine ｡ This w a s
laterexperim entalIシpro v ed(Ko mpis, Hes s e a nd Schmid, 19 7 1).
T he a min o a cidtry ptopha n(1 20)is deriv ed fro m
shikimic a cid(1 08). By m e a n s of a kin a s e re a ctio n, shikim c a cid isfo rm edto be
shikim c a cid 5-pho sphate (
'
1 14). A redu ctio ninv o一ving D P N Ho r T P N Ha nd a
tra nsfer of an a min ogro upfro mgLuta min eto the ring a rein v olv ed in the fo rm atio n
of a nthra niTic a cid(115). ln the n e xtpha s e of the s equ e n c e, the for m atio n of
the pyrro
■le ring, pho sphoribo syl pyrophosphate (P RPP) provided the tw o
n e c es s a ry carbo n ato ms white the c arbo nyf c arbon of anthranilic a cid is Jost･ T he
5 5
im m edJ
'
ate produ ct of the inter a ctio n of P R P Pa nd a nthranilate is a nthra ninc
ribo n u c[e otide(1 16), which ap pe ars to fo r m a nthra n川c - トde o xyribufo n u cle otide
(117). Ring clo s ure. with a c co mpa nying produ ctio n of C O2 a nd H20giv e s ris eto
indo[e -3･glyc er oJ pho sphate (1 1 8). Ma ny e n ヱym e S C at Jys e the re v e rsible
for mation offre eindole (119) and trios epho sphate o r co nde n s atio n ofs erin e a nd
-indole to formtryptopha n(1 2 0). Trypta min e(1 30)is fo rm ed by decarbo xy[ation
of tryptopha n(Ko mpis, Hes s e a nd Schmid. 19 71;Lu cke r, 1972). T he r ea ctio n
is =Iu strated a sfo=o w s:
r m aTI
?0 0 H c o oH
H ｡¢｡+
O H
shikim c a cid(1 08)
～
H203P O令OH ～ ex
c
N
O
H?
H
shikimic a cid 5･pho sphate (11 4) a nthra nJ
-
tic a cid(1 15)
/p
OH
1
0- CH- C H-i;”- C H20 P
P-0- CH- 0
c o o H
(P R P)
d
N
,CqcS-acH-CH2- .P.3H2
H
anthranilic ribonucleotide (1 1 6)
i
bE
OO H O H OH
I I
H O- C-C H-CH-CH20 Pll
N -
CH
H
a nthra nl
.
1ic-I-de o xyribulo n u cle otide (1 17)
5 6
(1 1 7)
i
OH O H
敬;･g
-
H
&H-aH-C H20 P O3H2
H
盲ndo(e-3-glyc e rol pho sphate (118)
ま:rc-c
?
H
”
-C H2- 0P
ク′
ミゝ
.
N
`
H
indole(11 9)
iH O C H2-CH- C O O H)N H2
;文才
c”2
-
TH
-
2
C O O ”
H
tryptopha n(1 2 0)
↓
駄
‾ c”2- C ”2. ”H2
H
t｢y pta min e(121)
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1･2 For mation of Loga nin a nd Se c o(oga nin
MevaJonic a cid (122) w a spro v ed to be the pre c urs or of
gera niolthro ugh the us e of ‥ver and ye ast syste m s. T he reis a n e vide n c ethat
geranioI(1 23) a nd n e ro[(124) arebiosynthetic pre c urs o rs of lga nin (1 30). 1t
appe arsthat the e arly stepsin the s equ e n cein volve(a) a c]
'
s-tr a n sis o merizatio n
of the 2,3-do uble bo nd of ger a nioI(123) to giv e n er ol(12 4), in which the
hydroge n at C-2 ofgeranJ
'
ol is retain ed in n eroI, and (b) hydro xy[atio n of n erol
at C-1 0to giv e 10-hydro xyn e roJ(1 25). Thereis e vide n c eto s uggestthat at this
pointfu rther o xidatio n of C-8 and C-1 0occ urs to giv e atrialdehyde s u ch as(12 6)
in which C-8 a nd C-1 0 have be c o m e- qu N a暮entby ta uto merization･ Probabfy ring
clo s ure o c cu rs at.this point to giv e the m o n o cyc(ic triaJdehyde (12 7), which
e xJ
'
sts a sthe cycliz ed hemia c etaJ (1 28). The n e xt kn o w ninte r m ediate is
de o xy[oga nin (1 2 9)･ a nd it is n ot difficult to im agJ
'
n eth
.
e steps fro m(128)to
(12 9)･ GIyc o sylatio n po s sibly of the he mia c etal (1 28), u ndo ubted一y aids
tra nspo rt･ Hydroxylatio n at C-7 of de o xyJoga nin (129) o c c u rs stere o spe cific auy
to giv e!oga nin(1 30), andthe ring cJe a v age of loga nin give s ris e to thefor m atio n
of s e c ol ga nin (1 7)･ T he tra n sfo rm atio n s ar eshow n a sfo‖o ws(Batte rsby,
Bur n etta nd Pars o n s, 1 968; Corde[(, 1 97 4,
I Co rdeH
, 1 981):
”
F;c
”
.
3
.J
m e v alo nic a cid(1 2)
GH3 GH3
ち.
H3C
, ､
c H3
ge r a nJ
.
0[(1 23)
o H (
､
勺
O H
H3C
, ､
c H3
n e r o[(1 24)
i
(1 25)
仁HS
㌔
O H
H3C
ー ､
c H20 H
(1 2 5)
PHS
●
.
..'1H
H= ■
●
O HC
も､
O H
O H C
b ～
- I - 一 州
･ 増抄 -
C H O
H い ‥
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A
CH O
PH3
●
I
.
.､
t.H
(1 26)
Ht' '
'
H3C OO C
ら.
O H C
(127)
H O㌧
.
叫 -
O G 山
Hい - '
H3CO O C
O GJu
O G 山
(i 2 8) de o xyloga nin(1 29)
PHS
I
.
. .
IH
C H O
CH O
PH3
～
.
.､
tH
も､
Ioga ni
盲
1`30'
C H O
Hい `
-
H3C O OC
ら..
H2
.
.
､ヽH
s e c o] ganin(17)
1･3 Fo rm atio n of Stricto sidine andIts Key Rote in AIkaloid Biosyn-
the sis.
Stricto sidin e (1 31) w a sderiv ed fro m the c o nde n s atio n of
trypta mine(1 21) a nd s e c oZ ga m
'
n (1 7)by the aidof e n zym e stricto sidine synthas e
(Treim e r a nd Zenk, 19 7 9). T he ro(e of stricto sidin e(131) a sthe sole bio synthetic
Pre c urs or Of a[arge v ariety of alka[oids w a s ad ditJ
-
o n alryde m o nstrated byfe eding of
(131)to aJkaloidprodu cJ
'
ng p
'
Ia nts, e.g. F7ha zya stric(a, R ha zya orje ntaII
'
s, Am s o nI
'
a
tabe m a e m o ntana. Va/lesia g/abra, C/
'
n cho n apubes c e n s and Un ca rja ga mbJ
-
r. No
in c o rpo ratio n of vJ
-
n c o side (1 32)into the aJkaJoid fra ctio n of the s epla nts w a s
obs e rv ed: where a sfe eding of stricto sidin e(1 31) re s ulted in the for m atioり Of
he a vilyJabel[ed a[kaJoids(Nagaku ra e[aI. , 1979). T hereforeit c an be statedthat,
5 9
uP tO n o w Strictosjdin e(131)is the c e ntral pre cLJrS Or fo r efabo ratio n of the
m o n oterpe n oid indole a暮kaloids de riv ed fr o mthe c o nde ns atio n oftrypta min e a nd
s e c of ga nin in the fo urpla ntfa milie sApo cyn a c e a e, Loga niac e a e, RubJ
･
a c e a e a nd
Nyss a c e a e･ T hJ
.
S key role of stricto sidin e(131)in aJkaJoid biosynthe sis is
sum m a riz ed a sfo‖o w s(Nagakura, Ruffer a nd Ze nk, 1979;Sto ckigt, 1980).
｢ m a tt O n icto sid亨n
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1 .4 Bioge netic Relatio n ships of lndole Alkaloids with a C9- Or CIO-
Mo n ote rpe n eMoiety.
As m e ntio n ed before, indole alkaloids with a C9- Or CI O-
m o n oterpe n e m oiety ar e clas sified into eight type s : c oryn a nthe a n(C), vJ
'
n c o s a n(D),
v a=esia chota m an (V). strychn a n(S), a spidospe rm at n(A), eburn a n(E), plu m era n
61
(P), a nd ]
-
boga n(J)type s. Jn a simplified ma n n er, the bJ
'
oge n etic reJatio n ships of
thes e m ain skeletaJtype s are sho w nin Figure(page 62163). As a n e stab(ished fact
c ompo und D 3a is obtaI
'
n ed fro mthe c ondens ation oftryptamine(121), or J
'
n s o m e
other c a s e stryptopha n(120) with s e col ganin(17). A”ofthe m ain skeletaltype s
c a nbe deriv edfrom D3a. S keJeta=〕3a ca nbe c o nverted into c o mpo und 1 by opening
ofthe C(1 7)･ 0- C(21)bo nd v/
'
a 2b3. Fro m co mpo u nd 1, c o mpo u nds 2b
l
, 2b2, 2b3
a nd 2 Cc anbe obtain ed witho utre?rra nge m e nt, o r stru cture2a by re arrange m e nt of
the s e c ologa nin po rtio n ofthe m o(e c u(e. Ring fo r m atio nbetw een C(2) and C(3)
le ads to c o mpo u nd 2b･ fnter m ediate s2b
l
, 2b2 a nd 2b3 di粕 rfro m e a ch othe r o n-y
through rotatio n abo ut She C(14)-C(15) a nd C(1 5)- C(1 6) bo nds re spe ctiv ely.
Ring clo s ure sbetw ee nC(21) and N(b)in 2 bl, and betw e e nC(17) a nd N(b)in 2b2
gIV e rt
.
S e tO the main co ryn a nthe a n-type ske一eto n C 3a and the m ain
v a‖e s]
'
a chota m a n-type V3, re spectiveJy. A n ew additio n a=)o nd betw e e nC(1 7トO H
a nd C(21)in 2b3 yie(ds the ba sic skeleto nofvincos a ngro up D 3a. Inter m ediate 2 C
is obtain ed by ring clos urebetw e e nC(21)a nd N(b)in 1. An ad ditonal n
'
ng cJo s ure
betw ee n C(16) a nd C(2)in 2 C yields A 3, the fu nda m e ntal skeleto n of the
a spido sper mata ngro up･ Starting with A 3, S4is obtain ed by a n other ringfor m atio n
betw e e nC(3) and C(7). On the otherha nd, ring clo s urebetw e e nC(21)and C(7)
yields A41 1nte rm ediate 2a is deriv ed fro m1 by cJe a v age ofthe C(1 5)-C(1 6)bo nd
foJ[o wed by the for m atio n of a n e wbo nd at C(1 7)- C(2 0). Ring clo s urebetw e e n
C(2 1) a nd N(b)Leads to 3a, from which 4a a ndthe m ain ske[eto n ofpTu m eran gro up
P 4 c a nbe derived by additio n a一 ring clo s u re s[C(2)- C(21) a nd C(2)- C(1 6),
re spe ctiv e(y]･ Ring clo s ure[N(a)- C(16)】in 4a yields E 5a, the m ain skeleto n of
the ebu rn a ngro up･ CFeavage ofthe C(1 7)-C(2 0)bo nd in P4 form sP 3. Byfurther
re a ctio n s, the nl ain ske(eto ns ofiboga ngro upJ7a a nd J7 bca nbe de n
'
v ed fro mP3.
Fu rther re a ction are ne c e ss ary, startingfro m C 3a, D 3, V3, S4, A4, E 5a, P4 a nd
J7a, to for mderivalive s of v a rio u s othe r skeleta(types(Kis aku rek et a/. , 1 983).
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2. Bioge n esis of Ge/s e miu mAIkaJoids
2.1 Bioge n e si ofGeJs e min e
T he bioge nesis ofgeJs e mine, o n e ofthe m ain alkalo)
･
ds in
Ge/s e miu m e/ega n sBenth･ a nd G. s e mpervJ
'
r e n s(L.) Ja um e Saint･ HiLairehasbeen
Propo s ed by Co nroy a nd C hakrabarti(1959)I T hey s ugge sted the propo s ed
Pr e c u rsor (13 3) de riv ed fr om equiv ale nts of trypta min e a nd 3,4 ･
dio xyphe nylala nine a cc o rdingto a c cepted prln Cip(es･ Furtherdehydroge n atio n at Nb
ga v e(134); Micha eladdito n of the e n a min eto the c onjugated system e stab一ishesthe
qu ate rnary c arbo n a nd form ed the five membe red n ng e n cJo slng Nb･ The
inter m ediate(1 35) w a sdispo s ed to inte m占( Ma nhjch c o nde n s atio n, to giv e(1 36),
whe n c ede c arboxy(atio n, c o mpletio n ofthe o x]
'
de n ng a nd adju stm e nt of o xidatio n
State re s u一ted in gels e min e(2 6)I The bioge n esis ofge]s e min eis sho w nas foJTows
(Co nroy a nd C hakraba rt= 959):
誌
h
n
ク
′
ミb..
N
H
HO O C
(1 3)
0
O HC H O
H N
ゝ
○
J4
(134)
CH O
C H O
○
H N
礼 〟
C
(13 5)
JTcH3
袖- c o o H
C H O H
Lノ
HN
0
礼 J4
C H O
C
(136)
N C H3
､
､
｢ C O O H H N
C H O
○
礼 J4
亡
(2 6).
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2
.2 Bioge n e si of Ko u min e
Louna s m a a a nd Ko shin e npropo s ed ? bioge n etJ
'
c r o ute of
ko u min ethat it w a sfor m ed fr o m an 1 8･hydr o xy-de o xys arpagjn e(1 37), a clos e
r elative of which, hydro xyga rdn utl
'
n e(53), ha sbe e nis olated fro m Gardn er/
'
a n uta n s
Sieb･ et Zu cc･ The fo rrn at1
'
o n of(1 37)slart9d with o xidative bo nd ruptur ebetw e e n
C-3 a nd N-4 giving ris eto the c o mpo u nd(1 38). Repulsive forc e sbetw e e nthe
nJ
'
tr oge nJo n epafrefectro n s and the n e wlyintr odu c ed hydro xyfunct]
'
on fo rc ed the
inter m ediate to c apturethe co nfo rm atio n of(1 39) which w a sfurther stab =z ed by
hydroge nbo nding ofthe 18-hydro xylgro up with the indole N-hydroge n･ Expulsio n
of w ater a nd ele ctro npalr migratio n s asdepicted wo uldthe ngiv e ris eto the aJkaloid
ko u min e(19)(Lo,
u n a s m a a a nd Ko shin e n, 1982). T he bioge n etic ro ute is sho w n a s
fo”o w s:
O H
H
ク′
も､
ク′
ら..
N
H
(1 3 7)
も …
｡ ..づ
N
3
I
H
H3
H.
ko u min e(1 9)
0
H
O H
ク′
O H
O H
∫
15
､
勺 ∫
a
C
I
N
5
･H
ら.
N
H
ク′
も､.
3
′
H O
(138)
i
54
H3C､N
し
く
搾
′
メ)
(o
/
H
N
H
(13 9)
一
C H3
0
1 5
､くも
H
′
15
O H
H
H
OH
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2.3 Bioge n e si of Kou mine a nd Gelse min e
Re ce ntly, a bio mim etictra nsform atio n of v oba sin eto ko u min e
w a sdes cribed a nd a probab一e bioge n etic pathw ay w a spropo s ed fo rgels e min e(26)
a nd ko u min e(17)by Liu and his c o w orkers. T hey s ugge sted str盲cto sidin e(131),
aku a m midin e(1 4 0), (1 41), v oba sindJ
.
OJ(1 42) and a nhydro vobasin edioJ(1 4 3) a s
interm ediate s(Liu a nd Yu, 1987;Liu a nd Lu, 1 988). T he bl
'
oge n etic ro uteis sho w n
a sfo‖o w s:
ク
′
も､
N
H
C OOH
N H2
L イryptophan (120)
H
～
ク
′
ら..
ク′
も .ー
N
■
H
O H
Voba sindio暮(1 42)
′
0
N
H
～
＋
C H O
HI
t . '
H3C O O C
ク
′
ら,..
Anhydro v oba shediol(1 43)
N
H
ら.
H2
.
..t
H
○
O G山
Secologanin(1 7)
H O H2C
N､
(1 4 1)
ク
ーー
≒さ..
～
N
H ㌔
ク′
≒､
｡
..10GJu
グ
N H
㌔
H3C O O C
≒ゝ . ○
stricto sidin
i
e'131I
H3COO C
N
H
N､
(140)
｢
N
/
?
ク
′
ミさ､ J4
N
Ko u min e(1 9)
G H20H
CH3
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Anhydro v oba sin edjoJ(143)
ク
′
ら .
ク
′
ら,.
.PHS
N
H
0
i
Hu m a nte ninetype
- N
㌔.
Ge[s e min e(26)
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Bio‡oclic aI Activi
1
･ Phar m a cologyofGe暮s e micin e
Acc o rding to its re m arkab一y high to xicity (M LD 0.05-
0 ･0 6mg/Kg in rabbits, intra v e n o u sinje ctio n) in c o mpa riso n to gelsemine
(M L D 18 0mg/Kg), gels e m J
'
cine ha sbe e n co n sidered to be the a ctiv e pn
-
n ciple of
GeJsem /
'
um s e mpe w J
'
r e n s(L.)Ja um eSt. -Hilaire a nd attra ctedlthe atte ntion of
pha rm a c oJogists･ The m ain sympto m softoxicity ofge(s e micin ein m a m m a一s are
depr es s ed respir atioヮ, tre m ors, in c o o rdin atio n of m o v e m e nt, paralysis of
e xtre mitie s, c o n v u[sio ns, u rin atio n, defe catio n, r etchings a
･
nd s alivatio n. De ath
appare ntly r es ults fro m, r esp1
'
ratory failure･ The minim u m[ethal do sein mg per g
is fo r frogs (inje ctio n into anteriorLym ph s a c) 0.0 2 to 0.03, for rats
(s ubc uta n e o us or intraperito n e aJ inje ction) 0.000 1to 0.0 0 012, for rab bits
(intr av e n o u sinje ctio n)O10 0 05 to O･001(Ho u, 1 931). (n the pe rfu sio n o nthe
frog, to ad o rturt(e he art gels e micine H C] in c o nc e ntratio n s of1-2 mg% produ ced
a Pn mary Stim ulatio nfo‖o w ed by a depre ssio n of the rate a nd a mp桝ude ofthe
c o ntractio ns･ A m u ch higher c o n c e ntratio n,(abo ut 4mg%) w asrequiredto c a us e
this a ction whe n the v agaJ e ndings w ereprevio u s一y paralyz ed with atropm e ･ The
drughad n o actio nonthe sple e n or ao rta o r o nthe periphera暮v es s els o nthe n o s e,
inte stJ
'
n e, kidn ey o rleg (Ho u, 1932a)･ Action on inte stin e, uterus a nd urin ary
bladder; gels e micin e H C[ in sm a[Ic on c entration s ca us ed a s口ghtin cre a s e ofto n e
a nd s[ight inhibitio n o npendu山m m o v e m ents ofboththeis olated inte stin e a nd
uteru s. Larger co n c e ntratjbn slo w eredtheton e and de cre a s edthe m ovem ents of the
intestine but the to n e ofthe uteru s w a sin cre a s ed. Neithe rla rge n o rsm aI[
c o n c e ntratio ns had a ny e什e ct o n the urin ary bladder m us cle s. T he re w as a
m utu al antago nis m betw e e nge[s e micin白 a nd pi‡o c arpin e. phys o stigmin e or
bariu m, but n o n ebetw e e nit and atropJ
'
n e o r adre n aline. Neither ergoto xin e n or
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atropln ea一tered the a ction of geJse micin e. Sim ]la rbutle s s m arked re s ults w ere
obtain ed with the inta ct jnte stjn es a nd uteri df an e sthetiz ed dogs (Ho u 1932b).
Gels e micin e a一s oin cre as ed the hy pote nsiv e a ctio nofthe adr e nalhe, v e ry sm all
do s e s of it stim ufated re spiratio n but 一arge r do s e sparaJyヱed the re spJ
'
r ato ry
cente rs(Ha m et, 1 937b). C he n a nd his c owo rke rs repo rted that gels e mic)
-
n e
appa re ntly depre sed the m otor neuro n s of the brain a nd spin al c ord, thJ
'
s
r e s ults in ge n er a=z ed m u s c ular w e akn e ss･_
T he re spir atory fa]
'
1ur e afterthe
administratio n of fatal do s e s w a s n otdu eto pa ra(ysis of the c e nter, but w a s
attributab[e to that ofthe spm al m otor n e uro n sin n erv ating the re spiratory
m us cle s. 1t had n o a ct)
I
o n o nthe v agu s. T he mydriasis, inte stin aJ re[a xatio n and
ute rin e co ntrac!ions suggested an a ct)
-
o n upo nthe sym pathetic syste m(C he n and
C ho u, 1939).
2. P har ma co(ogyof GeJse mine
GeJs e mine inhibited cardia c vagu s ce nte r a nd c a u s ed
c o ntra ctio n ofthe rabbit ute(u s, it aJs o stim ulated cardia c m u s cle a nd a cted like
atropin e(Ta mba, 19 2 1). )nJ
'
e ctio ninto adog of 0.2 mg gels e min e- H CJper Kg
pro v oked a falJ in blo od pre s s u re a nd a ris ed in re spiratory m o v e m e nts I
Ge]semine reinforc ed the blo od pres s ure a ctivity of adre n alin e and suppr es s ed
alm ost c o mpletelyits apn o eic a ctio n(Ha m et, 1 937a). In the chJo ra(os ed dogthe
single intrave n o u sinje ctio n of geJs e min e in do ses of 0.2 mg/Kg or m ore
produc ed a m arked and prolo nged de cre a s ein blo odpre s s ure. Butwhe n0 .1 mg/Kg
w as first inje cted and the n, at 5min. inte rvals, s u c c e s sJ
'
veJy一arger do s e s, a tota一
of 66･25mg/Kg(一ast do s ew a s 25mg/Kg) w a sinje cted in 1.5hrs･ witho ut a ny
signific a nt e#e ct o nblo od pre sure. Ge(s emin e produ c ed a s(ightv a s o c o n strictio n
inthe kidn eys but notin the sp[e e n(MoJ
'
s s et de Espan es, 1 938a)･
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lnf[uenc e o n the effe cts of adre n alin e a nd e xcitab 柑ty of the
Pn e u m Oga Stric a nd the ca rotid sin u s; gelse mine dec re as ed the hype rte n sion
a ctio n ofadre n alin e o ro cclu sio n ofthe c arotid sin u sforthe firstfe w min . afterits
lnJe Ctio n･ laterit m ay a ugm e nt the a ctio n of adre n alin e･ Se ctio n of the vagi
w e ake n ed its
.
effe cts ･ Eight min. after the -nJe Ctjo n of 4-1 0mg/Kg the
ele ctric al e x citab =ty of the v agu s a nd the s e n sitivl
r
ty Ofthe c arotidsl
･
nu s to
m e cha nic aJ stim un w e regre adyde cre a sed(Mois s etde Espa n e s, 1938 b).
Effe ct o n the ele ctro c ardiogr a m(ofthe dog); gels e min e of doses Larger
than 4mg/Kg produ c ed bradyc ardia, s ma[]er do s esde creas ed vagal to n e and
produ ced ta chyc ardia, 60mg/Kg produced c[onic c o n vulsio n s(Moissetde Espa n es,
193 8c).
Gels e min e Injected into the v e ntra=ymph s a c ofto ads and frogs para一yz ed
the ske[etaJ m uscles･ T he effe ct w a s of m edul!ary o rigin a nd n ot du eto
hete rochronJ
'
s m(Mois s et de Espa n e s, 19 3 8d). GeJs e mjn e giv e nintraperito n e ally
o r oraHy had m arked a n a(ge sic activity in do s es far be一ow the to xic range
(Eichler, Hert(e a nd Sta]
'
b, 1957.). So ciete Bo ulo n n ais e de Recherches et de
Diffu sio n P har m a c e utiq e (19 6 4) reported that a spin
L
n a nd geJs e min e w er e
c o mbin edto giv e an an a一gesic preparatio n and c o n cludedthatgels e min edo e s n ot
have a c urare=ke a ctjo n･ Itis n either gang=op[egic n or a c entral n erv o us syste m
s edativ e･ It ha s a v e ry w eak s erot =in a ctio n a nd stre ngthe n s the hypote n siv e
a ction ofadre n aJin e. 1tis ･a hypote n siv ein 一arge do se s, dos e n ot a ct on the he art
a nd is not pote ntiated by barbiturates.
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3･ CZinic aI Applic atio ns
T he Gels e m I
'
u m aJka(oids in crude fo rmhav ebe e n u s ed a s
a n aJge sic a nd a ntispa sm age ntsfo r alo ngtim e･ ]t w a s a(so applied in tradito n al
C hin e s e m edicin e a s a rem edyfo rda nge ro u s skin ulcers, s u ch a s mi[iary
ve sicle s u nderthe n o s e･ The pure alkafoidgels e m ]
'
n eha sbe e n u s ed in an anaJge s]
･
c
c o mpo sitio n(0･5-2mg gels e min e in 3 0-50 0mg a spirin), a nd it w a s claim ed
that this preparation ha s a n o ns et of actio n abo ut 15m ]
'
n. a nd la sts abo ut 8 hrs.
The a ctio n of the co mbination･is gre atertha n eitherdrug us ed alo ne . Jn this
a n alge sic.do s e s, ge-[s e min e doe sn ot ha v e any obs erv ab一e side effe cts . More
re c ently, a preparatio n ofthe tota一 aJkaJoids, which c o n sits of s ev e ni･ndividu aI
Ge/s e m J
'
um.a[kaJoJ
.
ds (a s sho w nby T L C) a nd which ha s a nLD5 0in mic e of
O･2 75mg/Kg(intra v e n ou sinje ctio n), ha sbe e n u s ed a s an a n alge sic forthe
pa=iatio n of v ario u s a c ute ca n cerpain s- in cJuding hepatic c an c e r. T he n orm al
do s age us ed w a s 2-3･5m g/day(intrav e n o us inje ctio n). [t w a s claim ed that go od
a n alge sic a ctJ
'
vi!y u s u aJIy 一a sted 4-6hrs･ a nd the r ate ofre m a rkably effe ctiv e w a s
6 6%, effe ctiv e 2 4%･ a nd n ot effe ctiv e10 %, thus c o nfir m Jng the a na(ge sic
a ctivity of Gels e miu m aJkaJoids･ Furtherm o re, the preparation do e s n ot sho w a ny
side effe ct of addictio n and ther efo reha s be e n re c o m mended as a substitutefo r
m o rphin6 o rdolantin.
Pr eJimin a ry obs ervatio n o n1 6c a n c erpatie nts who ha v e
be e ntre ated with the abov e- m e ntio n edtotal a[kaJoidprepa ratio n J
･
ndic ated that
Sympto ms a re impro v ed･ T hus hepatic c a n c erpatJ
'
e nts hav e claim ed
disappe ara n c e of pain, impro v e ment of appetite, a nd r edu ctJ
'
o n of a s cJ
･
te s
.
patients suffering es ophage af ca n ce rcJaim edto ha v ethe s elf- e e=咽 Ofre[a x atio nof
Pa]n a nd dis appeara n c e ofv o miting a nd ups et sto m a ch a s w ellastheim pro v e m e nt
of appetite ･ T he selPre=min ary re s ults are quite e n c o u raging, but c ertainty
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m or e e xte n sJ
'
v e in v e stigation s are n e ed d befo rethe
､
a ntitu m or ac-ion ofthe
Ge/s a m /
'
u m 1 alkaloids c a nbe established(So ciete Bo ulo n nais ede Re cherche s, etde
Diffu s)
r
o np har m a c e utJ
'
q e, 1 964; uu a nd Lu, 1 988).
4･ To x]
'
cJ
.
ty Of Ge/s e m /
.
u m AlkaJoids
O ka nl
'
shi(1933) reported thatthe to xic co mpon e nts of
Ge/G e m /
'
u m e/ega n sBenth･ a nd of Ge/s e miu m s e mpervI
.
T ens(L.) Jau me St: HiJaire
are n e arly the s a m e･ Sympto m s of into xic atio nin hu m a n s c au s ed by a ccide nta一
Ingestio nofGe/s e m I
'
u m a/ega n sBe nth. ha sbe e nde scribed asfo=o w s. T he eRe ct o n
the digestive syste m sta rts with tos s of appene a ndturnofthe sto m a ch, a nd
c o ntin u e sto s evere ab do min al paln and inte stin al ble eding. The effe ct o nthe
re spiratory syste m pre s e nts as bre athingdiffic u一tie s which fin ally一e ad to de ath
by re spirato ry fa‖u re･ T he effe ct o n m u s cle in nervatio n u s u al-y r es ults in
ge n er a=zed m u s c ula r w e akn e ssand paraJysTS Ofthe =mbs. The effe ct on the
circ ulato ry syste m stans with he artbe at diso rders and a drop in blo od pres s ure,
buthe anfailu reis n ot a c om mo n c au s e of de ath･ In addito nto dilatio n ofpupifs, a
dropin body te mperature a nd pro=fe ratio n of whit6 blood c e一ls have als obe e n
obs erv ed･ Itisintere stingto n otethat the to xJ
'
ci吋 of Ge/s e miu m spe cie sdepe nds n ot
o n一y o ntheindividu ala(kaJoids pre s e ntbut als o o nthe ro ute of administratio n a s
w olfa s o nthe a nim aJu s ed･ For example, the LD5 0 V alu e s of ge)s e mine J
'
n mic e
are 1 2 40, 405 a nd 133mg/Kg, r espectively, depending o n whetherthe drugis
administered o rally, intrape rito ne a[y, or htra v e n o usly. (Liu a nd Lu,
19 8 8)I Gels e nicin e, the to xic a[ka[oidfro mGels em /
'
u m e/ega n sBe nth. pro v e sto
be the m o st to xic of G･ e/egans Benth. a(kafoids, the LD5 0 being 1 8叫g/Kg(mic e,
]
'
ntr ape rito n e al injectio n) (Du. et a/. , 1982).
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DIS C USSJON AN D C O N C LU SIO N
L 包氾 地 由氾
Indole alkaloids c a nbe divJ
'
dedinto tw o m ain c一a s s es. Thefirst clas sisthat of
the sim pleindo[e aJkaJoJ
'
ds･ Theydo notpre s e nt a stru ctural u nifor mity, having only
theindole nu cleu s o r adire ct deriv ativ eofit a s a co m m o nfe atur e, e.g･ ha r m a n. T he
J
-
ndole ba s e softhe s e c o nd c(as s c o mpris etw ostru cture- e(e m e nts, trypta min e(12 1)
OrtryPtOPha n(120) with anindole nucle us a nd a C91 0 rCI O- m O n OterPe n e m Oiety,
derived fo rm s e c ologa nin(1 7). Very probably, be c a us e of both ofthe c o m m o n
c o mpo nents a ndthe bioge n etic relatio nships, the oc curren c e ofthis s e c o nd clas s of
J
'
ndole alka暮oids is m or e spe cific a nd ther eby s uitable fo r c ompa r ative
che m ota x o n o mic c o n sz
-
deratio n s.
T he s ec o nd c(a ss ofindoJe bas e s c a nbe cla ssJ
'
fied into 8type s, a c c o rdingtothe
stru ctu ral chara cteristics of their skeleto n s. T hey ar e c o ryn a nthe a n(C-type),
vin c o s an (D-type), v aHe sia chota m a n (V-type), strychn a n.(
S-ty pe),
a spido sper m at n (A-type), eburn an (E-type), plu m e ra n(P-type) a nd jboga n(J･
type)･ The total n u mber ofthe s e alka[oidjsolatio ns addJ
'
ng upto 33 02, and m o re
tha n99･8 %oftheis ofatio n s are
.
dJ
'
stributed am o ngthree plantfamilies; Loga niace a e,
Apo cyn a c e a e a nd Rubia c e a e. Having re markable m o rphologicaJ sJ
-
m Jlaritie s
,
thes e
thre epla ntfa m Jlie sha v ebe e n cla ssified bota nic aHy]n clo s e relatio n ship which ca n
be sho w n a sfol一o w s(Kis akurek a nd Hes s e, 1 980):
:
p
fa
d
:e?
e
Rubiac e ae
､
㌔ - 〆
Loga nJ
'
a c e a e
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T he 8type s ofthe s e c o nd cla ss ofindole a(ka)oids c a nbe divided bioge n etic aJly
into tw o m ain gro ups;the C- , D- , V- , S
- a nd A-type s c o ntaJ
'
ning a ske(eto n with a
n o nre arr a nged s e c o( ganin m oJ
'
ety and E- , P- a nd J-type s with a r e arra nged
s e叫 oga nin m oiety. This a rgu m e ntis co nfir m ed, in ad dito nto the sJ
'
mj[ar skeJetaJ
c onstitutJ
'
o n s, als obythe fa ct that allofthe C- , D - , ∨
-
, S- a nd A-type alkaloids with
kn o w n abs o(ute c o nfiguratio n sho wthe s a m e c onfiguration at C(1 5)a s s e cologa nin at
C(7). T he afka(°ids with a r earranged s e c ol ga nin m oiety(E-, P- a nd J-types)do
n ot present a u nifo r m cha ra cteristic in c o m m o n with re spe ct to their c onfiguration s･
T he n u mbers of aJkaloJ
'
dJ
'
s ofatio n s of spe cific ske一etaltype sin the thre ep一a nt
fa mi[ie s are sho w n a sfo=o w s(Kis akurek, Lee w e nberg a nd He ss e, 1983):
⊥ エ
W ith No n re arr a nged
豊丘 地 出
stie s C- 臣‥____yL _Sl】ムー
With Re arra nged
出 血血BBd
J + 旦ニ _ _ ⊥
83 316 311
α＋β α＋β α＋β
Apuyn ac e ae
A bs o一ute co nfiguratio n
LDgani訂 e a e
Absolute c o nfigu ratio n
Rubiac ea e
A bs olute co nfiguratio n
1078 19 1 5 5158
1 0 4 2 493 5 6
6 0 8 3 6 2 3
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T he occ urrenc e ofalkaJoids of A- a nd S-typesis re strictedto the Loga niac e a e
a nd Apo cyna ceae but aJkaJo]
'
ds of C- , D- a nd V-typeshav ebe e ndete cted in an ofthe
thre epla ntfa m‖ie s･ T he Loga nia c e a e, o n一y alkaJojds of C-type ha v ebe e nis olated
fro m Gels e m /
'
u m a nd Mo stu e a ofthe Gels emie a e･ Ofthe othe rtribe, Strychnea e,
Gardn erJ
'
a spe cie s c o ntain o nfy alkaJoids of C-type, whe re as aZkaJoids of C-, D - , V- ,
S ･ a nd A･typesha v ebe e nis olated fro m spe cies of StJyChn o s.
T he m aJ
'
n skeJetal ty pe (C 3a) oc cu rs in allof the thr e epla nt fa m‖ie s
(circ(e)a nd s odo the ske(etaltype s(C4a) a nd(C4b). [t be c o m e s als o evide nt that
the in cre a sing structura[ c o mp[e xity brings abo ut a m o re spe cific o c c urre n c e. For
e xamp(e, (C 4c), derived from (C3a)by a n e wbo nd for m atio nbetw e e nC(5) a nd
C(1 6), re adingto an additio n alring,is the skeletaltype of alkaloids that o nly o c c ur
in Loga nia ce a e and Apo cyn ac e a ebut n otin Rubiac e a e. Thiste nde n cyto m ore specific
o c c urre n c e sgrows as additiona暮operatio ns a re u ndertake n o n(C4a), e･g･ o xJ
'
datio n at
C(3)le adsto(C5a) a nd byformation ofa n e wbo nd betw e e nC(7.)and C(17),(C 5c)
is obtain ed. AlkaJoids with the s ela s
J
I tw o skeleto n s o nly o c c urin the plants of
Apo cyn a ce a e. T he distributio n ofaJkaloids of co ryn a nthe a n-type in plantfamiliesis
sho w n asb =o w s(Kis akurek a nd He ss e, 1980):
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A[1ofthe alkaloids obtain ed fro mthe spe cies ofGelse m I
･
u m c a nbe divided into
tw o m ain gr
'
o ups, indole a nd oxindoJe alkaloids. The indoJe alka暮oids have be e n
cJa ssified into thre e dife re nt skeletal types; s e mpe rvirin e- , ko u mine- a nd
s arpagin e-type s which are ofindo(e,i=do[e n1
'
n e and indo[e n u cle u s, r e spe ctiv ely. On
the other ha nd･､o xindo[e alkaloI
'
ds aredivided into three difere nt skeleta=ype s;
gels e min e- I hu m a nte nin e a nd gelsedine-ty pe s･
T he alkaJoidsfro m Ge/s e miu m a/ega n sBe nth･ pos s essdouble bo nd betw e e n
C(1 9) a nd-C(20)to.
afford tw o c o nfiguratio nsE a nd I, e.g. 16- epトvo a c arpin e
(19E-fo rm) a nd 19-(Zトaku a m midine, ko u midin e, 19-(Z)-taberpsychin e(19Z-
fo r m)respe ctively･ Substl
'
tutio ns at C(14)have be e nfo u ndto be o nlyβ- o rie nted
a nd the s ubstituting gro up be)
'
ng hydro xy gro up o nly, e ･g･ 14-hydroxygels e nicine
(4 4), 1 4･hydro xygels edine(4 0)･ On the otherha nd, hydro xy s ubstitutio n shav e
be e npre s e nted at C(3) asO Hα, e .g. 1 6- epトv o a c arpin e. Fo r s ubstitutio n s at N(a),
only m etho xy gro uphasbe e nfo u nd in o xindo[e alkaloids only･ Methyls ubstitutio n s
at N(b)have be e nfo u nd in both type s of alkaloids. Onlyin oxindo[e alkalo]
'
ds,
m etho xy and hydro xy s ubstitutio n sin aro m atic ring at C(ll)have been found, e ,g.
hu m a nte nirin e (37) gels e m]
'
cin e (41), ll- m etho xyhu m a nte nin e(38) a nd l -
hydro xyra nk hidin e(3 4)･ ll-hydro xyhum ante nin e(36) respe ctiv ely. A一lof the
o xindole alkaloids pos s e ss ethe rbo nd betw e e nC(1 7)a nd C(3).
2. Revision bf Ko umid亨∩ 1 9-(Z トA ku a m midin
地 )is olated fro mthe ro ots a nd ste m s of Gels em/
'
um e/ega n s
Be nt
■
h･ ha s mp 200-201
0
c(de c.) 【cx]D21 - 9
o
(c=0.1 0, MeO H) a nd allthe other
SPe Ctral data agre ed w el一with tho s egiv enin lite rature(Jhl a nd Xu, 1 982). The
7 9
1 3c-N MR spe ctra of a ko u midJ
･
n e(Tab(e page 81) w a s c o mpar ed withthat ofthe
kn o w nbas e
, gardne rine (5 0)the sign al du eto C(1 5) of ko u midin e w a s obs e rv ed at
7･6 ppm lo w er shift but that C(2 1) w a s obs e rv ed at 2.4 ppm higherfjeJdtha nthe
C Orre SPO nding sign aJs of gardnerin e, ha ving(E)- ethylidin e side chaJ
'
n . Irr adiatio n
of C(19)- ”(8 5･36) e nha n c ed C(1 5)- ”(82.4 4) with 13 % N O E. Fro mthe s edata, it
is h dic atedthat the c o nfiguratio n of ethylide n e side chain in ko u m J
-
din e(22)is(i)-
for m･ Ko umidin e (22) ga v e a ring- clo s ed indoJe nin e derJ
-
v ativ e (14 4) by
m esyJalJ
'
o n ofthe hydroxy gro up at C(1 7) a nd s ubs equ e nt tre atm e nt wl
l
th NaO C H3.
that c o nfir m ed the c o nfiguratio n at C(16)(Sakai et a/” 1973 a nd 1 9 8 7; Schu n a nd
Co rdeJf, 19 87 a nd Po ng[u x et a/” 1988).
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皿 払出虻凹地j血 (23), mp･ 2 401242
o
C w a sp(e vio u slyis olated f(o m
the s a m epla nt by C 川口ese gro up(Jin and Xu, 1 982) a nd w a s as sign ed to be
aku a m midin e, havLng 1 9-(E) ethy=de n e side chain . The ma ss spe ctralfis sio n
Pattern Ofthe is olated atkaloidpa raue(s thatfor a uthe ntic aku a m mid he 19(E)fo rm.
Ho w e v er
･
1H -NMR a nd 1 3c- NM Rspectral ofthe alkaloide xhibited simi(arbut n ot
c o mpletely ide ntica一to the spe ctra of a uthe ntic aku a m midin e. T he 1 3c- N MR
che mic al shifts of C(1 5)[6･3 ppm lo w erfield tha n(E)for m] a nd C(21)[2.9 ppm
up perfieldtha n(E)for m] of the is olated aku a m midin e(23) c o mpared with the
a uthe ntic aku a m midin e c a nbe re as o n ably hterpreted in te rm s ofthe γ-gauche
effe ct du eto C(18) o nthe do ub(e bond of(I)- c o nfigu ratio n. A differe n c eNO E
e xpe rim ent a(s o s uppo rted the co nfiguratio n ofthe ethy(ide n e side chain of both
c o mpo u nds . Thus, irr adiatio n of C(1 5)-H( 8 3.2 4) in aku a m midin e (ed to
e nha n c e m e nt(1 2 %) of C(18)-H3(8 1.68), indic atedthat the m ethylgro up o nthe
do ub 始 bond lie s synto C(15)- H. Onthe otherha nd, 23%e nha n c e m e nt w as obs erv ed
betw e e nC(1 5)- H a nd C(1 9)- H in the is olated aJkaloid. F盲n ally, the stru ctu re of
(23) w a sdete rmin ed byXィ ay an alysisiThe crystal of(2 3)hasthe follo wingdata :
0
o rtho rh
'
o mbic, P 212121, a-13.962(5), b= 20.498(8) c=6.668(2)A, z-4, Cell
v olu m e-1908.38Å3, Dc=1 227ge m
-3
. A totalof 2189 ロniqueindepe ndentinte nsities
w er e m e as u red within the ra nge of 3≦2 8≦120
o
, 155
o
o n a4 -circle diffr actom eter
(Rigaku AF C15) u sing CuKα radiatio n(九-1 .54Å). T he stru ctu re w a s s o(v ed bythe
dire ct m ethod u sing M U LTAN 80 (U NJC S 肘syste m) a nd refin ed a nis otropic al‡y
(is olropJ
-
c at(yforH)by thela st-squ are s m ethodto a nR valu e of 0.0 4 8, u sing the
1 8 8 6r ef一e ctio n sfor vJhich F(0)>3o･(Fo)]. T he CD spe ctra of both aku a m midin e s
e xhibited e x a ctly the s a m eC Dc
,
u rve s(Po nglux et a/･ ･ 198 8)I And therefore1 9-
(Zトaku a m midne hasthe sam e abso一ute c onfigurationa sthe c o m o nindole a=くaloid.
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Tab le 13c - N 払R Spe ctr al Dat a
No ･ (23) (Akua m midin e) 22 5 0
2
3
5
6
7
8
9
1 0
11
12
1 3
1 4
15
16
1 7
1 8
19
2 0
21
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- OMe
3 9. 1
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.
0
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19-(Z)- A kau mmidin e(23)
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地 軸 sho w ed mp 1 62-165
o
C, 【a]D2 2= .4 2.3
o
(c=0 .20,
C H C13)･ T he m a s s spe ctru m of(24)pre s ents m o一e c ulario n m/I 368which is 16
a･ m ･u･ highertha nthe c orre spo ndingpe ak inthe spe ctru m of aku a m midin e. Andthe
exa ct(y similar cle a vage patternis obs erv ed with v o a c arpin e. On a c etylatio n, (24)
gave ris eto tw o pr odu cts (1 45) and (14 6). T he fo rm atio n of(145), which
e xhibited a typ-c aJ 2- a cyl indole UV abs o rption at 31 4 n m, de m o n strated the
Pr es e n c e Of a hydro xy gro up at C(3)in(24). T he c o nfiguratio n at C(1 6) w a s
determin ed bythefo=o wingtw ofacts:
1) T he fo rm atio n of intra m o[e c u]arhe'mja c etaトa c etate (1 4 6) o n
a c etylatio n of(24).
2)暮n tりe lH･ NMR spe ctru m of(145), the sign al of a c eto xy group
w a s shielded(8:1.45, 3 H, s.)byindole n u cle us.
10 % Enha n c e m e nt obs erv ed in differe n ceN O Ee xperim e nt betwe en C(15)-
H(8 3･12) and C(18トCH3(8 1.55)indic ated the(E)-fo r m ethylide n e side chain
in 1 6- epトv o a c arpin e(2 4) (Po nglu x et a/” 1 988).
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1 9- Hydro xydihydroge暮s evirine (30): T his n ew alkafoidw asis o一ated a s a n
a m orpho u s s olida nd sho w edIα】D21= ＋1
o
(c-0.l l, MeO H). Its high re s oJutJ
-
o n mas s
spectru m sho w ed the M＋ 370･1889, c o rr e spo ndingtothe fo r m ula C2 1H2 6N204. The
U V spe ctrum indic ated N(aトO C H3 0 XindoJe n u cle u s【九m a x; 281(sh), 2 55, 2 0 9
n m]･ 1H- N M Rspe ctru m sho wed the cha ra cte ristic sign a一s du eto N(aトO C H3(8
3･9 9, s), - 0- C(3)- H (8 3.84, br- s.), - O C H2-(8 4.0 9, dd, J=11.2, 2.3 Hz and 8
3･9 1, dd, J王11･2, 2.OHz), a nd N(bトC H3(82. 28,s.). Fu rther m or ethe pre s e n c e of
a s e c o ndaryhydro xy gro up w a sdedu c ed bythe sign als at8 5.13(q, J=6.6Hz)a nd 8
110 9(3H, d, J-6･6 Hz).
in p(ac eofa vinylgro upin gels占virin e(28). The 1 3c- N M R
spe ctru m(Table3, p･1 46), with w a s v ery similar to that of gels evirin e(28), the
appe a ra n c e.of a n e wdo ub一et at8 64･3 ppm a nd a n e wqu artet at819.4 ppm , the
abs e n c eof viny一 c a rbo n s(C1 8, C1 9)in gefs e virin e(2 8) a nd the upfieldshift at
C(6)(3･6 ppm) and at C(21) (7･5 ppm) als o reve aledthe pre s e n c e of a s e c o nda ry
hydro xy gro up o nC(19)･ To c onfirm the stru cture(30)propo s ed by spe ctro s c opic
a n alysis,(30) w a spr epa red fro m ge(s e virine (28). GeJs e virin e N- o xide, prepared
by the MCP BA o xJ
'
datio n of(28), w a s s ubje cted to Wa cker o xidation (Pd CZ2, 02,
D M F- H20)to produ c e19･keto de riv ativ e, which w a sfurther c o n v ertedto co mpound
(1 47)by the reduction of N- oxide with NaH S O3. Keto n e(1 47) w a s a(so obtain ed
fro mthe n e山 alkalo1'd(30)by m e ans of Sw e rn o xidatio n. Redu ctio n of keto n e(1 47)
w l
r
th NaB H4 ga v e adia stere o m er亨c alc ohol(148)a sthe m ajorprodu ct･ a c c o mpa n･
'
ed
withtra c e a m o u nts of(30)･ T his stere ospecific redu ctio n e n able s u sto as s u m ethe
Ste reO Che mistry ofthe is o m eric alc ohol(14 8). T hus,in the tra n sitio n state, keto n e
derivative (1 4 7) m ay take a co nfor matio n A, (m or e stab[e tha n the othe r
C O nfor me rsB, C a nd D) a s depicted in the Fig. p.8 4, du eto the dipo[e-dipole
repulsion and/o r ste ric hindra n c e･ Hydride sho u一d approa ch from Te s shindered side
(a ntI
'
to o xindo[e n u c(eus),re s ultingin the predo min a ntfo rm atio n of the(Sトalc oho[
84
(14 8)･ Ther efore. the s e c o ndary hydroxy gro up o n C(1 9)in (30)take s(局)
co nfiguratio n(Po nglu x et a/. , 1988).
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去箆㌻He 選 Me＼節一 日e
+且=iZ+ エ且出エ 此 : This alkaloidw a s obtain ed a s a colorle ssoil
a nd itsfor m ula, C2 0H24N20, w as c o nfir m ed byH R
- M S･ The m a s s spe ctra( fis sio n
patternpa ra[Iels that fo rtaberpsychin e.(1 4 9), but
lH-N M Rspectru m of(25=s
n ot c o mp一ete(yide ntica一to that of(1 49), probably o wing to the differenc e ofthe
c o nfigu ration ofthe ethy[ide n e side chain･ ln the
lH- N M Rspe ctru m7 N O Ew a s
obse rv ed betw e e nC(1 9)･ H a nd C(1 5)･ H, s uggesting that the c o nfiguratio n ofthe
side chain w as(I)-fo rm. Fu rtherm o re, a sin the c as e of aku a m midin e a nd 1 9
-(Z)-
8 5
aku arn mJ
-
din e(23), the 1 3c- N M Rspe ctra of(25) a nd ap proprl
L
ale model co mpo u nd
(1 50). prepa red fro mgardne n
L
ne(50) w er e c o mpa red. T he sJ
'
gn al du eto C(1 5)of
(25) w a s obs e rv ed at do w nfield(6･9 ppm) a nd o nthe co ntrary, that of C(21) w a s
obs erv ed at upfiefd(6･9 ppm)tha nthe c o rre spo nding sJ
'
gn al of(1 50). Fro mthede
data, the str u cture of this n e wba s e w a s c o n cJuded a s 19-(Z)-taberpsychin e
(Po nglux er a/. , 1988).
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No . (2 5) (1 5 0)
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5
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1 0
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3 6. 2
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w土七h 土n ve rtic al c olum n.
) : T he m ole cuJarformu[a(C2 0H2 2N202)obtain ed by
e(e m e ntala nalys暮S, a S W el(asU Va ndl=- N M Rspe ctraldata,indic atedthat this new
indo(e alkaloid(mp lll-113
o
C)is olated fro mthele a v e s wa sto be koum ]
･
ne N(b)-
o xide･ In pa rt)
'
c ular
, the sign al of N(bトm ethylgro upis shifted to do w nfield(0.96
PPm) c o mpa red w l
'
ththat of kou min e(19). M C P B Ao xidation of(19)afforded two
diastere o m e ric N(b)1 0 Xide s, o n e of which w a side ntic a一 with n atu ral N- o xide(20).
T he c o nfigu ratio n o nN(b) ato m was 州 al]ydedu ced bythe a n alysis oflH - N M R
spe ctral T hu s, in n atura一 N- o xide (20)the sign als of C(1 5)- H a nd C(16トH are
obs e rv ed at do wnfie[d(0･3 8ppm a nd 1.30ppm; re spe ctively)tha ntho s e of ko u min e
(19)･ W h‖e C(6･)
-Hα in the diastere o m e ric N- o xide (1 51)is de shielded to
8 6
do w nfield co mpar ed with that of ko u min e(1 9). T he se phe nom e n a m ay be
attributab吟to a nis otropyof N･ - >O fu n ctio n. T he refo re, the co nfiguratio n o nN(b)
sho uld be (S) ”(20) a nd(刀)in (1 51) re spectively, a sdepicted in Fig. befow .
Un n atu ra一 N- o xide (1 51) ga vethe crystal(mp 214-216
o
C) s uitable for Xィ ay
a n alys)s. T he res ults obtain ed fro m X-r ay a n alysJS agre ed with the c o n clu sio n
obtain ed fro m1H- N M Ra n a(yslS･
M C P 臥
Naト侶03
Ko u min e(19) (20) ヰ (1 51)
Ko u min e N- o xide s
20 151
8:
Ko urni e(19)
2. 76 2.23 2.34
4.1 0 2.96 2.80
2.34 or 2.41
ク
′
も､.
2 .9 4 3.62
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N
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叫
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O R T E P Dra wing of(1 51)
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ヱ
: Spe ctral data indic ated that this n ew alkaloid
obtain ed fro mthe一e a v e s w as cJo s eJy relatedto gels e m ]
'
n e(26). T he chara cteristic
deshieJding of N(bトm ethylgro up(8 3･41=n lHI N M Rspe ctr u m can be e xplain ed
by the influ e n c e of N(b) o xide･ As expe cted, (31) w a s obtain ed by the M C PB A
o xidatio n of gefs e min e(26)together with the dia ste re o m e ric is o m e r(152). The
c o nfigur atio n on N(b) ato m w a sdetermin ed ap plying the pr o c edure u s ed in the
stru ctu reelu cidatio n of ko u min eN- o xide(2 0). In the lH-N M Rspe ctra, C(6トH in
n atu ral N･ o xide (3 1) a nd C(1 6)- H in its dia ster e o m e r]
'
c is o m e r(1 5 2) ar e
re m a rkably shifted･to do w nfie[d(1･43 p pm a nd 1.96 ppm). r e spe ctiv ely. Ha ving
88
the steric stru cture a s sho w n I
-
n Figure belo w. T he se obs ervation c an be reaso n ably
interpreted･ bythe a nis otropic effe ct ofo xyge n o nN(b). To s uppo rt this c o n clu sio n,
differe n c eN O Ee xpe rim e nt w as m ade. Irradiatio n of N(bトm ethyJgro up e nha n c ed
C(1 6=1(8 2･59) with9% N O E. T herefore, the c o nfiguratio n of N(b)sho uld be
(月).
MC PB A
Ge!s e min e(2 6) ～
NaH S O3
8:
(31) ＋ (15 2)
Gels e min eN-o xide s Gels e min e(26)
31 1S2
C(6トH 3･41 2･28 1･98
C 16 - H 2.59 4.2 6 2.30
.
. 班
■
■
′
H､
H
ノHS
ク
′
㌔ .
N
H
ま
′
/ 16
＼
(31)
H
H
Gels e min e N- o xide(31)
9篭 N OE ニ ー
･ - ■
‾
古
0
邸
i
= ー O
甘
i
/ 16
～ ぺ へ
丸 r
(152)
I
8 9
ユ立 地 :T he n e w aJkloid(45) w a s obtained a s c ol.p.rJe ss
prates, mp 226
122 7
o
C, anditsform 山a, C1 9H2 0N204 , W a s COnfirmed byH白I M S
spe ctroscopy. T he 旧 spectrum displayed chara cteristic abs orption fortw o
c arbonyl functio n at 1 715 a nd 1695 c m
1
･ The lH- N M Rspe ctrum sho wed the
u n us u aJ sign al at 82.66 du eto m ethylgro up adja ce nt to carbo nyJ fun ctio n･ T he
1 3c- N M Rspe ctru m(Tab一e 3 a nd 1,page 1 46 a nd 1 4) w a s similarto that of
gefs e nicin e(43) e xc ept fo rthe sign afs ofP(18) a nd C(19). whJ
-
ch w er e shifted
downfieldto 826.1(16.1 ppm) a nd･8 19 7.6 (1 72 p pm), s ugge sting the pre s e n c e
of keto nicLgrO UP O n.C(19)in gels e nicine(43). FinaJfy, the stru cture of(4 5) w as
determined byX
-r ay a n alysJ
-
s, a S Sho w nin Figur ebeJow . The CD spe ctra of(45)a nd
(43)ga v ethe simHarc urve s andtherefore 19- o x ogels e nicJ
'
n eha sthe s am e abs olute
c o nfiguratio n with geJs e nicJ
'
n e(Po ngJu x et a/. , 1 98 8).
1了
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ge]se nicin e(4 3)
芋8ti 】20 3 68 TL n
(45)
= … ‥ … ‥(43)
C D Cu Ⅳ e s of(45)a nd(43)
9 0
) : T his n e walkaloid w a s obtain ed fro mthe stern s a nd4
br an ches as co(o r[es spris m s, m p 172-1 73
o
C(MeO H). 1l showedthe UV spe ctru m
char a cteristic to N(a)･ m etho xy o xindole n u cle u s. H R- M S sho w ed the M･
508･2572, c orre spo nding to the fo rm ula C2 9H3 6N206(C aled. 508.2 5 71), a nd gave
the base pe ak m/I 326, c o rr e spo ndingto the m ole c u一ar w eJ
'
ght of gefs e nicin e(43)
C1 9H2 2N203, indic ated that elega ns a min e(46) w a s c o n stru cted fro mgeJs e nicin e
(4 3)oritsis o m e r a nd a m o n oterpe ne unit c ontainingthre e o xyge n ato m. ]n thelH-
N M Rspe ctru m(C D C13), in addito nto s o m e re adi[y a ssignab[e sign als
l
du eto
geJs e nicin e m oiety s u ch asfo ur aro m atic proto n s【8 7.50 C(9トH, 8 7.26 C(ll)-
H
,
8 7.07 C(10)･H, 8 6･89 C(1 2)- H】, N- O C H3(8 3.95 3 H, s), C(3)- H( 8
3.70 1 H, d d, J=4.9 a nd 2.2 Hz, C(1 5)
'
- H (8 2.91 1H, トIike, J= :9Hz). and
C(16トH(8 2.54 1H,m), chara cteristic sign als of a do ublet o n C(1 8)proto n s(8
1.47)3 H, J= 7.3 Hz)and a m uJtipJet du eto C(1 9)proto n(8 2.66) w ere obs erv ed
in plac e ofthe ethylgroup in gels enicine(43), s ugge sting that m o note rpene u nit
mightbe c on nected at C(19)po sitio n｡ Fro mthe 1 3c- N M Rspectrum of(46) (Table
4, page 1 47). the c o mpo sI
'
ng indole alkaJoidpart a nd the m o n oterpe n e u nit w er e
re spectiv elyde m o nstratedto be geJs enicin e a nd a niridoidskeleto n, whJ
'
ch po ss e ss ed
ala cto n efu n ctio n, a C･ m ethy(gro up,一 a nd a s ec o ndaryhydro xy gro up･ At this stage
X-ray stru ctu ra一a n alysis w as c arried o ut. The O RTEPdrawingis sho w nin page1 43.
T he C Dspectru m of(46)【(1) (c-0.95xlO
-2
, MeO =, 23
0
c)[o】3120,【0]260-18200,
【o]24 5. 0,【8】234＋18200,[0]22 20,【0]2 09-590. (2) (c=1･OxlO
-2
, MeOE, 23
o
C)
[0]3140,[0】262-2 4200,[0]248.50,[0]234＋39300,[0]2 210,[0]2 1 -733001] cfos eJy
re s e mble sthat of gelse nicjne(43)and ther efo regeJs e nicin epa rt a nd the iridoid
re sidu ein(46) have the sa m e abs o(ute co nfiguratio n a sthe c o nve ntio n a一indole
aJkaJojds a nd irridoidm o n oterpe n e s, r e spe ctiv ely(Po ng(u x et a/” 1 9 8a)A Andthis
n e wtype of indole afkaloid ha sbe e nhv e stic ated forthefirst tim e･
91
4
. Pro【)o s alofBiocle n etic R /s e m I
'
u mAlkaloi
ltis w-eJ[re c ogniz ed that rn o n oterpe noid 盲ndo(e alkaloJ
'
ds a rebio synthesiz ed
thro ugh the bio一ogic al tra n sfor m atio n s of stricto sidin e(131) which w a sde riv ed
fro mthe co nde n s atio n oftrypta min eand s e coJ ganin. [n this thesis, w e propo s ed a
te ntativ ebioge n etic ro ute of Ge/semiu m alkaloids a sfo=ows. Co m m o ninter m ediate
(1 54)fo rm ed fro m stricto sidin e(1 31)by the intra m ofe c uJa rC-C bo nd form atio n
betwe e nC-6 a nd C-16 wills erv e a s apre c urs o r of s a rpagin etype indoJe aJkaloids
s u ch a s ko umidine (2 2), 1 9-(Z)- aku a m midin e (23), a nd 1 61 ePi- v o a c a rpin e
(24)I Ko u rnidin e(22) w‖ be m etaboliz ed to a C/Dring- ope ning co mpo u nd, 1 9-
(Z)-taberpsychin e(25)(Te ntatJ
'
v e bio synthetic ro ute of Ge/s e m I
'
u m alkaJoids-1).
Oxidatio n o nC-1 8 in (25)L
a nd s ubs equ e nt intra m oie c ular C- C bo nd form atio n
betw e e nC-7 a nd C-2 0w 川 for mko u min e(19). Very re c e ntly, w e a nd C hin e se
gro upindepende ntly s u cc e ed dthe partial synthe sis of1 lイn etho xyko u min e(Sakai
et a/･ ,1986) a nd kouTnin･e (19) (Liu et a/･ ,1987)
I
aJo ng this bioge n etic propo s al･
β- Oxidatio n of I
-
ndo[e part in (2 5) wi[Igenerate indo[e nin e(159), which w ‖
fu rthe r tr a n sfo r m into hum antenin e-type alkaloids, hu m a nte nin e (35),
hu m a nte nirin e(37), a nd r a nkinidin e(33)by the re a rrange m e nt to o xindole and
■
s ubs equ e nt N(a)- m etho xy(atio npro c e s s(Te ntativ ebio synthetic ro ute of Ge/s e m /
B
u m
alkaloids-2). Afterthe elimin atio n of H Xat C6- C7 PO Sitio nin indole nin e(159), e n e
type re a ctio nbetw e e nC-20a nd C-6 wintake pla c eto affo rd indo[e.(161). T hro ugh
the β- o xidatio n a nd s u c c e ssive re arra nge m e nt, gels emin e(26) willbe ge n erated
from (161)･ Furthe r o xidativ e pro c e s s wiu afford gels e virin e (2 8) and 1 9-
hydro xydihydroge[s evirin e (30), in o rde r (Te ntativ e bio synthetic ro ute of
Ge/s e m I
'
u m aJkaJoid･3). ]t se e m sthat biosynthe sis ofgeJs edin egroup w‖ bran ch
fro mthe hte rm ediate (1 54). T hus, (1 54) w川 be m etabolized to n o rs arpagin e-
type c o mpo u nd(162), ha ving fiv e m e mbered D- ring, thro ugh the rele a s e Qf C21-
aJdehyde c arbo n a nd s ubs equ e nt rhlg- CIo s ur ebetw e e nN(b) a nd C1 2 0. (1 6 2) w 川
9 2
be c o n v e rt d to the C/D n
'
ng- ope ning c o mpo,u nd (163), s u ch a s 1 9･(Z)-
taberpsychJ
'
n e(25)I and the ntra nsfo rm ed into gels edin e s eries, gels edin e(39).
geJse micin e (41)I 14- hydro xy geJsedine (40), 1 4- hydro xyge(s e micJ
･
n e (4 2),
gels e nicin e(43)I 1 4-hydro xygeJs e nicine (44) a nd 1 9- o x ogels e nicine (45), v I
･
a
s u c c e s sive bio c o n v ersio n s(Te ntatJ
'
ve bJ
'
o synthetic ro ute of Gels e m J
'
u m aJkaloids･ 4)
(Po nglu x et al. , 1988).
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Inter m ediate -a (1 54) R= H, Ajm aJin e(155)
地 ユ
H O 艮
2
C
ク′
ミさ..
r
H㌔
N
CO O 出e
ク′
モヽ ”
” ”
- ”
HO
工N T ヱR 比E D エÅ℡Ei- a
(1叫
ク′
モゝ 汁
N9
ク′
b ､
1 6- epi - ∇ o a c a rpin e(2 4)
HeOO C
驚
o
57,T
19- (Z) - rrabe rpsych in e(25)
ク′
≒ゝ
ち.
CH
20
R
1 9-(Z) - Aku a m mi d in e (23)
EOH2
⊂
ク ′
こ
､ゝ
N
H
G
N
0
礼
Ⅹo u mi d in e (22)
0
ク′
ら .
Is e mium Alkaloi
ク
′
モさ､
0 16
_ tqe
18
0
～. . _ Lqe
/∠xi三･ (158)
19- (Z 卜 Tabe rpsy⊂h in e (251
i
X
β- Oxi d.
0
ク
′
ミゝ
.
N二 - さIe
且l
～′
′
モヽ
R
L
= 日 ･ R2
芸 M e
R
L
= OMe IR2
= tI
R
l
= u ･ R2
= R
○
N･
15
:戸
′
ミ
ゝ .
コ/
モ｢､
”
0
31
ド
Ate
.′
20
G
ゝ ､
チ
; Aqu 皿 a nte nine (35)
≡Eu ma n te nir in e (37)
;Ra n k in i d in e (33)
メ
X 0
礼
ク
′
0
0
Js e miu m AIka!oi
ク′
さ ､ 汁
(159)
r e a r r-
モヽ
(
クノ
- F X ク
′
も､
G els e min e(26)
ク
ー
もI.
0 ゝ
Gelse virin e(28)
ク′
亡ヽ
0
ロ
_ tTIe
2q
〟
もヽ.
ク ′
ら. . ”
I
0
Q
One H
i
一 朗e
28
15
I - ”+ 4e
I
I
I
ヽ N ･
ヽ A
(16 1) A
19- 托ydro xydihydェ ogels e virin e (3 0)
O o凹e
､te
” _ H
之1
エN T E R比E D エ且T E
- a
(154)
1了
0
H
1&
ox土d. チ/
ミさ..
O
O
し H
- C EO
クー
b ､
ク
ー
ミ丁､
ク′
ヒ､ .
㌣上o
0 出e
=/
モ､
0
(163)
R
l
= R
2
三 拝
:由 Is edizle (39)
R
l
軌 R2
=C 伽
:Ge15 e,nicin e (41)
R
l
可 E ･ R
ヱ
=u
;14- Rydr o XYgels edin
e (40)
R
l
lO 托･ 8
2
,0紙e
‥i 4- Eydr o 耶 eLs e mi｡in e (42)
a,E ;加 Is e ni｡in e (43)
R] Ott !14
- uydr o吋 qeLs e rlici
n e(叫
R 朝 . 1 9- Ox o ;(45)
9 5
5 C he mic al Tra nsfo rrn atio n of Al
'
a m alin eto iu mA lkaloids
5.1 Pa rdal sy nthesis of Ko urnidin e(221 a nd 1 9-(Z)-Taben )sy_chime(25
The sta rting m aterial ofthis partial synthe sis w a s ajm aJin e(165)
which a一r e ady reported its abs o(ute c o nfigu(ation. T he tr a n sfo r mation 巾v olv e s
m ainlytw o stru ctu ral cha nge s of(1 65), the stere o s ele ctiv eintrodu ctio n of a do uble
bo nd into C1 9- C2 0 PO Sitio n a nd co n v ersio n of indotin e m oietyinto the indolic
c o mpo u nd witho ut the epl m eriヱatio n ofthe C1 6CO nfiguratio n.
ln orde rtoliberate the ma sked aldehyde(C21)fro mthe a min o a c etal fu n ctio n
a nd to prote ct the N(b卜gro up a s c a rba m ate, ajm alin e(1 65) w a s s u cc e s siv ely
tr e ated with N, N-dim ethy( hydra zin
■
e a nd c atalytic a m o u nt of H2S O4, m ethyJ
chlorofo rm ate in l N- NaO H/C H2C[2, a ndthe nCuCI2 in T H F- H20 pH 7to affo rdthe
aldehyde (1 6 8). The dire ct c o n v e rsio n of(1 6 5) hto (168)by the re a ction with
chloroformate sgave the c arbo n ate(C2 10CO O R)derivative s. A 什erthe prote ctio nof
the C1 7hydro xy gro up by m etho xyetho xym ethy[(M E M) ethe r, bro min e ato m w as
introdu c ed o nto the C2 0PO Sitio n vJ
'
a the t- butyldim ethy(si(yl(T B S) e n ol ethe r･
Tre atm e nt of(1 71) with 1, 8-dia z
l
abicycJo [5.4 .0]u nde c-7- e n e(D B U)in N, N -
dim ethylfo rm a mide (PM F) ga v ethe de sired 19-(Z) olefin e(17 3)in .60 %yie(d,
s eJe ctiv ely (173):(172) - 5:1. T he ge o m etry ofthe o[efin e s(173) a nd(1 72)
w ere unam bigu o u sly deter min ed by.the N O Ee xpe rim e nts【Irradiatio n of C1 8 m ethyJ
proto n s(8 21 4= n(173)led to encha n c e m ent(1 7%) of C21 aldehyde pr oto n(6
1 0･2), while 25 %e n cha n c e ment w a s obs erved betw e e nC19pOlefinic proto n(8
6150) a nd C21aldehyde proto n(8 9.33)in(172)】. T he m ajo r α, β- u n s atu rated
aldehyde(1 73)was redu c ed with NaBH4 a nd then ring c[o s urebetw ee nC21a nd N(b)
w a spe rfor m ed by the s u c c es siv etre atm ent ofthe re s ulting alc oho( with NaO H in
9 6
aqu e o u sethylen eglyc ol a nd m e syl chloride in pyridin eto affo rd de o xyajm aJin e
deriv ativ e (17 6).
The tra n sform atio n of indolin e m oietyinto the indo[ic c o mpo u nd co血d be
a cc o mplished by the deprote ctio n ofthe C1 7 hydroxy gro up of the indo]e nin e
derivativ e(179)･ T he eplm eriz atio n at C1 6 co uld be prev e nted by u sing of
- trim ethylsjlyJ(T M S) gro up･ Thu s, indoZenin e(179), which w a s n ot s o stable
to w a rd us u al w o rk up m a n n er and co(urn nchro m atography, w a stre ated with AcO H-
T H FI H20(at ro o mte mperatu re) a nd the n redu c ed with NaBH4in MeOH to yield
ko u midin e-(22), 【α】D2 3-23.8
o
(cO.6, MeO H), in 70% o v e(allyie一d fro m(17 9),
whI
'
ch e xhibited lH- N M R, lR, m a s s spe ctra and mp(2 0 2- 2 0 4
o
C)ide ntic al with
tho s e of n aturaJ ko u midin e(22),【α】D2 0-20 .8o(c 1.8, MeOH).
Ko u midin e(2 2) w a stre ated with m ethyl chlo roform ate in T H F-H20 in the
pre s e n c e of MgO a nd the re s u[tjng carbam ate w asredu c ed with‖thiu m a(u minium
hydride (LiAIH4)to furnish 1 9-(Z)-tabe rpsychin e (25), 【α】D2 3-25l
o
(c 0.3,
C H Cf3),in 30% o ve rallyield fro m(2 2). T he synthetic s ubsta n ce exhibJ
'
ted spe ctr al
prope rtie s(1H-N M R, IR, U Va nd M S)in a cc ord withtho s e of an a uthe ntic s a mp[e,
【α】D2 3-1 8 0
o
(c 0.4, CHC13) (Takaya m a e( all 1989). T hese tr a nsform atio ns･are
s um mariz ed a sfonow s:
0Ⅰi
ク
′
も ､
N
CH3
. N
(1 65)Ajm alin e
.
.､10 H
9 7
(165) 5.02g(15.3 m m ol)
H2N- N (C H3)2(4.7 m[ -- 4eq)
c o n e. H2S O4(0.6ml), M-S 3A(3g)
dry EtO H(10 0ml)
reflu x, 11 0
o
C, 5 h(s.
O H
(165)
#
㌔ .
ク ′
㌔ .
N
l
CE3
.N - H
H
H ,C E3C
(166) 6.15g
N
C H3
ll
N
- N
t
Cn3
CIC O O C H3(
ll.67mlI 1.4eq)
1N- NaO Haq･(5 0ml), C H2C12(2 0 ml)
o
o
c, 4 0min.
Spe ctral data of(1 67)
u v 九m ax
Et O Hn m :29 0
,
2 45
,
206.
OH
･N - COO C H3
冗
信H ノ CH3
N - ド
､ c H3
[R(C H C13) : 34 00, 1690, 146 0.
EI- M Sm/I(%): 426(M＋ , 1 7), 3 56(4),
28 2(61), 144(98), 11 3(1 00).
1H- N M R(C D C13)8 : 6.44, 6.40(1 H,
e a ch d, +=7.3 Hz, C(21トH)
: 3.69(3H, s, C O O C H3)
: 2
.
75, 2.74(e ach 3 H,s,N -C H3).
(167) 5.166g : 79% yield fro m(16 5)
(1 6 7) 6.1 86g (14.5 m m oI)
CuCI2(6･867g =3.5eq)
pH7 pho sphate buffer(87mJ)
T H E(2 1 8ml), H20(29mり
rt. , 4 8 hrs.
(1 68)
9 8
Spe ctral data of(168)
OH
ク′
㌔,.
#
§亡,.
N
CH3
N
H
uv Lm axEtO Hn m
(R(C H CI3)
EJ- M S m/I(%)
1H- N M R(C D C13)8
C H O
(16 8)4.17 5g : 75 %yie[d from (167)
CH3
: 29 0, 247, 206.
: 3450
,
1720
,
1 6 9 0, 1 4 60.
: 384(M＋,65), 240(32),
1 73(80), 1 44(100ト
: 9.62(d,J= 3.4Hヱ), 9 .59
(d,J; =4.3Hz), C H O｡
(16 8) 1 00mg (0.260m m oI)
M E M Cl(90けl I 3eq)
N, N-diis opropylethytamin e(158ul = 3.5eq)
dryC H2CJ2(2ml)
reflu x, 7 0
o
C, 5 hrs.
OM EM
.N - C O OCH3
班
C技0
Spe ctraldata of(169)
u v 九maxEt O Hn m :292, 2 48, 2 05･
]R(C H C13) : 17 20, 16 9 0, 1 4 6 0, 1 1 2 0, 1 0 40.
EJ- M S m/I(%) : 472(M＋,75), 38 3(15), 252(3 3),
1 82(52). 14 4(54), 89(9 8)･
11･H - N M R(C D C13)8 :9.60(d,J= 3.4 Hz), 9 .57(d,
●
J= 4.6Hz), 1H, C H O, 3.73,
3.71(3 H, e a chs, C O O C H3)
(16 9)1 0mg : 8 1% yield fro m(168). 3･3 84, 3･38 2(3 H, e a ch s,
O C H3).
9 9
(1 69)100mg(0.2 12孤 m ol)
トbutyl血m e血ylsilyl一
也 flu oro m ethan es ulfo n ate(146ul-3eq)
dryEt3N(117pl -4eq)
血yCH2C12(1ml)
o
o
c, 2.5 h(s. Spe c1(al data of(1 70)
u v 九m ax
EtO Hn m :292, 2 4 8, 205.
旧(C H C13) : 1 69 0, 14 60, 840.
(1 69)
OM E M
ク′
§さ､
ク′
ミゝ
.
N
CH3
N
I
C
El- M S m/I(%) : 5 86(M＋ ,82), 336(97). 241
(33), 182(67), 14 4(61), 89
(1 0 0), 59(98).
1H- N M R(CDC13)6: 6.14(1H,s,C(21)-”),
osi才:
＼
(1 70)87mg : ア1 % yie一d fro m(1 69)
H3
: 0.92(9H,s,t･Bu-Si),
:0･111(e a ch H,s,C H3- Si).
(170)8 0mg(0.136m m ol)
N-bro m o s uc cinimide(N BS)(27m g = 1.1eq)
dryT H F(4ml)
- 20
o
C
,
3 0min . I
Spe ctral data of(171)
u v 九m axEtO Hnm : 2 91, 2 4 4, 205.
OMEM
旧 (C H CI3) : 171 0, 1 6 9 0, 1 470, 1110.
EI- M S m/I (%): 552(10), 550(M＋,1 2),
47 2(14), 1 8 2(3 1), 1 4 4(6),
89(98), 59(1 0 0).
Br lH- N M R(C DCI3)8 :9.39, 9 .3 5(1 H,e a ch s,C H O), 3.7 2,
C H O
3･70(3 H,e a ch s,C O O C H3),3.38(3H,s,O C H3).
(1 71)57mg : 7 6 %yield fro m(170)
1 0 0
(1 71)57m g(0.1 03m m oI)
D B U(20Ll = 1.3eq)
dryD M F(I.0 ml)
化 , 14 hrs.
O M EM
ク′
≒I､
ク′
ミゝ
､
C H O
N
I
C
N
1
C
H3
Spe ctra一 data of(17 2)
u v 九m ax
EtOHn m :293, 2与2, 224, 207.
IR(C HC13) : 1690, 145, 11 10.
El･ M S m/I(%): 4 7 0(M＋ ,79), 381(19), 250(50),
1 82(61),14 4(63), 8 9(66)59(1 0 0ト
IH･ N M R(C D CJ3)8: 9.34, 9.32(lH, e a ch s,
(172)6mg : 12 %yield fro mr(171) C H O), 6.5 6(1H,m,C(19)-H)
(1 73)29mg : 60% yie一dfrom (1 71)
O M E M
H3
C H O
2.07,(dd, J; =7.6, 0.6Hz)
2.03(3H,dd,J=7 .3,0.6Hヱ)
C(1 8)-H3).
Spe ctra一data of(173)
u v 九m a xEtO
Hn m :19 2, 2 51(sh), 2 3 0. 2 06.
旧(C H C13) : 1 6 9 0, 1670, 1460, 1110.
EJ- MS. m/I(%) : 470(M＋ ,1 0 0), 38 1(2 6), 250
(74),1 82(91),1 44(9 0),89(90),
59(73).
(1 73)2 5mg(0.053m m ol). 1H- N M R(C D CJ3)8:1 0.20, 10.1 9(1H.e a ch d,
NaB H4(2.1mg = 1 ･1eq)
MeOH(0.5mり
rt.
,
30 min.
(1 74)22mg : 88 %yie一d from (1 73)
J=1 .5Hz,CHO), 6.65(lH,
m ,C(1 9トH), 2.13(3 H,d,
J= 6.7 Hz, C(1 8)- H3).
1 01
OME M
ク′
ミゝ
.
ク ′
も､
ク′
こゝ
.
C H20 H
N
I
C
N
I
C
N
1
C
H3
Spe ctral data of(1 74)
uv九m axEtO Hn m :291, 248, 20 2.
～
IR(C H C13) : 3 450, 169 0, 1 455, 1100.
EJ- M S m/I(%) : 472(M＋ ,6 8), 3 6(14), 252 (22),
1 8 2(5 5),1 44(6 8),89(5 3),59(10 0ト
(1 7 4)22mg : 88 % yield fr o m(173)1H- N M R(C D C[3)8:5.47(1 H, m ,C(1 9)-
(1 74)10 0mg (0.21 2 m m ol)
NaO H(240mg)
Ethyle n eg(yc oI(4mJ), H20(0.8m[)
r eflu x, 21 0
o
C, 6 hrs.
O M E M
.N - H
H3
C H20 H
(1 75)77mg : 87% y舌eld fro m(1 74)
(1 75) 1 55 6mg (3.7唱 m m oJ)
Me syl cMo ride(0.28 mI)
drシ p yridin e(60mJ)
rt. , 30 min.
OME M
.N
H3 もI､
H). ･
4 ･23(2H ,s,C(21トH2),1.7 0,
1 .6 9(3 H,e a ch d, J: 三7.O Hz,
C(1 8トH3ト
Spe ctra一data of(1 76)
U V 九m axEt O Hn m :29 2, 249, 205.
柄(C HC13) : 147 5, 1 465, 130 0, 11 00, 1 040.
EI- M S m/I(%): 39 6(M＋,100), 30 7(33), 291
(35),183(3 7),14 4(2 4). 89(1 8),
(1 76)9 25mg : 62% yie(d fro m(175). 59(66).
1 0 2
(1 76)5 0mg(0･126 m m ol)･ 1H-NM R(C D CJ3)8 : 5･30(1H,qt,J芸6.7,2.3 Hz,
c o n c･
-
H C](1 drop) c(19- ”),3.60,3.29(ea ch lH,
MeO H(i ml) dt,J- 1 6.5 Hz, C(21)- H2),1 .56
ref]u x･ 9 0
o
C･ 5 hrs･ (3 H,d,J= 6･ 7Hz･,C(1 8)- H3).
O H
ク′
ミb.
クー
■
ら.
N
I
CH3 ミさ､
.N
Spe ctra( data of(177)
U V九m ax
EtO Hn m :292, 24 8, 205.
】R(K Br) : 3050, 1 60 5.
EI- M S m/I(%) :3 08(M＋ ,100), 29 1(6), 277(9),
1 83(40), I 182(1 7), 157(1 3), 144
(1 6), 1 31(6).
(1 7 7)2 5mg:95% yI
'
eld fro m(176)1H- N MR(C D C13)6:5.3 1(1H,qt,J; 6 .7 ,
(1 77)3 0mg(0･097m m od)･ 2･2Hz,C(1 9)- ”),4 .4(1 H,s,C (17)- H),
T M S-triflu o ro m etha n e s uffo n ate(4叫1).3.6 2(1H,d,J= 1 7.1Hz,C(2 1)-
Et3N(20トLl), dryC H2C12(3ml)
rt. , 30 min.
O S
/
iて
N
I
C H3
.N
≒!､
(1 78)33mg : 8 0 %yie一d fro m(17ナ)
(1 78)123.3mg(0.324 m m ol)
P b(OAc)4(4 80mg ≡ 3eq)
dryC H2C12(2 ml)
- 70 - - 10
o
C, 5 hrs.
(1 7 9)57 m g : 4 8 %yield fro m(1 7 8)
H), 3.2 9(1 H,d,J=16.5Hz,C
(2 1トH).4 .4 4(1 H,s,C(17卜H),
3･4 6 (1H,d,J -- 9.8 Hヱ,C(3卜H),
2･78(3H,s,N - C H3), 1 .･5 7(3 H,
d,J= 6 . 7Hz,C(18トH3).
1 0 3
○
/
Sic
b､
ク
′
ミさ､
ク
′
ら,.
Jd
N
.N
Spe ctra一 data of(179)
uv 九nl aXE
t O Hn m : 261, 2 2 6(sh), 221, 215(sh)
(1 7 9) 44m g(0.1 21m m ol)
(1) AcO H-T H F- H20(3:1:1) (1･5mJ)
rt. 1 5min.
く2) S M(42mg),
rt. 15min
HO H占C
N
H
礼
NaB H4(9m g三 2eq),MeO H(1ml)
Spectral data of(22)
mp : 202-204
o
c(a c elo n e).
u v 九m a xEtO H' : 289(sh), 282, 227.
旧(K Br) : 32 0 0, 1 4 50, 1 035.
El- MS m/I(%):295(20),294(M＋ ,10 0), 29 3
(91), 277(1 4), 263(44). 2 4 9(ll), ･18 2
(l l),･ 1 70(18), 169(9 9), 1 68(6 7), 1 67
(ll), 1 56(1 0), 1 15(1 0).
(22) Ko u midin e 25mg : 70 %yield fro m(1 79)
1H- N M R(C D30 D)8 : 5.37(1 H,qt,J= 6.7 Hz,C
●
1)(22)3 3mg(0.1 1 2m m ol), (19トH), 4.1 2(1 H,dd,J= 9.8,3 .7 Hz,C
CIC O O C H3(26ト止-- 3eq), (3)- H), 3.7 6a nd 3.60(e a ch lH, br-d,
MgO(22m g=5eq). J=17.1 Hz, C(21トH2), 3.52(1 H, dd,
T H F,H20(212,0.55ml) J- 10.7,6.4 Hz,C(17)- H), 3.1 5(1H,d d,
rt･ , 1 hr･ J= 10.8,9 .OHz,C(17)- H), 3.0 1 a nd 2.9
2)S M(20rng),Li Al H4 (e a ch lH, dd,J三1 6.2,1.5 Hz,C(6)-
(22mg),dry T H F(1ml)H2), 2 .44(1 H,br-d d,J=5.6,2. 9Hz,C.
rt. , 2 hrs. (1 5)-”), 2.24(l H,m ,C(1 6)- ”), l.61
(3 H,dt, J= 6.7 ,1 .5 Hヱ,C(19トH3ト
(2 5) 1 9-(Z)- Tabe rpsychin e 6.2mg : 29 % yie[dfro m(2 2)
1 0 4
ら..
ク′
も､
N
H
N.7
(2 5) 1 91(Z)-Tabe rpsychin e.
Spectra(data of(25)
U V Lm a x
EtO Hn m :29 2, 285, 2 8 0(sh), 2 2 4.
1R(C H C13) : 3460, 1 4 60, 134 0, 1 0 7 5.
E トM Sm/I(%):30 9(23),30 8(M＋ ,1 0 , 293
(25), 279(12), 1 54(54), 12 3(1 2). 1 2
9 0), 12 1(59), 1 2 0(26).
lH- N M R(C D C[3)8 : 7･9 2(1 H,s,N H), 7.63(lH.d,
J= 7･4Hz,C(9)-H), 7.1 4(1 H,I,J= 7.4
Hヱ
,
C(10トH), 7.19(1 H,I,J= 7.4Hz,
C(ll)- H), 7･3 2(1 H,d,J= 7.4 Hヱ,C(1 2)
一H), 5.43(1 H,m ,C(19トH), 5.12(1 H,
d,J= 9･9Hヱ,C(3)- H), 3.8 4(1H,dd,Jl =
10 ･9Hz,C(1 7)- H), 3.2 6(1H,d,J= 1 0.9
Hz
,
C(17トH), 3.12(1H,m ,C(5)･ H),
2.82(1H,∩ ,C(1 5トH), 2.6 0(3H,s,
N C H3), 2.44(1H,dt,J=1 4.2 ,9 .7Hヱ,
C(14トH), 2.l l(1 H,dd,J- 1 4.0,10.7
･ Hz,C(1 4)･ H), 1.6 0(3 H,d,J王6.9Hz,
C(1 8トH3ト
Bothsynthetic c o mpo u nds,koumi din e a nd 19-(Z)-taberpsychine w erepr o v ed
to be the s a m easal kaloids is olated 丘･om Gelse m L
.
u n eZega nsBe nth. Therefore,the
abs olute c o nfigulado n of both
'
n atu ral al kaloidshas-bee n c o nfir m ed.
1 0 5
5.2 For m al Svrlthesis of Xo u min e臼9
Compou nd(1 72)as 19-(E)-for m w as redu c ed with NaB H4 and ring
clos n 托betw e enC21and N(b)w asperfor m ed bytre atm e ntof the res ultingalc oholwith
NaO E in aqueo us ethylene glyc ol and m esylchlori deinp yridin eto giv ede o xya3m alin e
deriv adv e(182). The c o n v ersio n of indolin e m oietyinto theindolic c o mpo und c o uld
be a c co mplished by the protection of the C1 7hydro xy gro up ofthe indole nin e
derivative･(185). The c o mpqu nd(185)w astreated with AcO H- T 日下- H20(3:1.
･1)at
ro o mte mperature a nd the n r edu ced withNaB H4in M eO Hto afford19-(E)-ko umi din e
(186)･ 191 伊)-kotlmi din e(186)w astr eated withm ethylchlo rofor m atein T H デーH20in
the pre s en c e of MgO add redu c ed with lithiu m alu miniu m hydride to fu rnish
anl1ydro v ob?sinediol(187)I
Liu and Yu(1987)reported that anhydr ovobasin ediol(187)w astre ated with
SeO2
,
H202 a nd H2SO4tO afford ko umine(19). Ther efor e, thefo rm alsynthesis of
ko u mine(19)had bee n c arriedo ut. Thes eco n v ersions are sho w n asfollo w s:
o ME M
●
ク
′
ミゝ
.
N
I
C H3
(172)
CH O
(17 2)819mg(1.74m m ol)
NaB H4 65.8mg(leq)
MeO H 16.5 ml
rt. ,30min.
(180)719mg:87.4%yield fro m(172)
10 6
OM E M
ク
′
こゝ
､
ク′
も､
ク
′
も､
C H20 H
N
I
C H3
(1 80)
N
I
CH3
Spectraldata of(180)
uv九 m axEtO Hn m :2 91,248, 202
IR(CE C13):3450, 1690,1 460,1120
EI- MS m/I(%):472(M＋,60), 366(18),
252(13), 1 82(59),144(7 0),89(58),
59(100)
(180)190mg(0.402m m ol)
NaO H 480mg
ethyle n eglyc ol月20(8,1.6ml)
renu x205
o
C,1 hr.
O M E M
.N - ”
CH20 H
(181)141m g:85 %yield 丘
･
o m(180)
N
1
C H3
1H I N M R(C DC13)8:5.60(1 H, m ,
C(19)-H)
4.06(2 E, s, C(21)- H2)
1.7 0(3 H,d,J = 6,7fiz, C(i8)- H3
(181)140mg(0.338m m ol)
MsCl(29叫),drypyri din e(3ml)
rt.
,
1hr.
O M E M
一N
､
§
Spectral data of(182)
u v九m axEtO Hn m :291,24 8,20 5
IR(CH C13):1605, 1040
EI- M Sm/z(%):396(M ＋,100),307(32),
291(31), 183( 6), 277(1 2), 144(20),
(182)98mg:7 3 %yield fro m(181). 89(15), 59(45)
1 0 7
(182)47rng(0.119 m m ol)
c one. H Cl(1 drop)
M eO H(1.5 ml)
OH
(182)
ク′
も､
ク′
も､
ク′
;ら.
N
I
CH3 ､
§
一N
(183)2 8m g:7 7 %yield fro n(182)
N
I
C H3
lH - N M R(C D C13)8:
5.2 6(1 H, m ,C(19)-H), 43 6(1 H,
s,C(17)-H)3.55(1 H,d,J= 12.2 Hz
C(21)-H2) 1.65(3H, dt,J = 6.7,
1.9Hz, C(18)- H3)
(183)50mg(0.162 m mol)
T姐S-td flu o ro m ethan e s ulfo n ate47ul(1.5eq)
dryEt3N(34L11=1.5eq),dryCH2C12(5ml)
′
′
OSi-
～
.N
､
§
Spectraldata of(183)
mp･ :
･294-296
o
C
uv 九 m axEtO Hnm :291,249, 205
(184)61m g:98%yieldfrorh(183).
(184)61mg(0,16 m m ol)
Pb(OAc)4(344mg =4.4eq)
dryCH2C12(2ml)
/
O Si-
～ -
A
N
.N
､
勺
IR(K Br):3050,1605
EI- MS m/I(%):308(M＋, 100),29 1(5),
.
277(8), 183(44),182(44), 157(16)
1H-N MR(CDC13＋CD30D)8:6.64(1 H,
m
,
C(19)- H) 43 8(1 H, d, J I 0.9Hz,
C(17)- H)3.48(l H,d,J=9.2 Hz,C(21)- H
2
･76(3 H,s, N - C H3) 1.68(3H, dq,
I = 7.8, 1.1 Hz, C(1 8)-H3
(1 85)25m g:42.8% yield 丘･o m(184)
Spe c血 data of(185)
uv 九 m a xEtOHn m .･ .261,226(sh)
220, 21 5(sb)
1 08
1) (185)25mg(0.069m m ol)
AcOH- T W-H 2 0≡ 3:1:1(0.83ml)
2)S M･ 23m g(0.079孤 m ol)
NaB H4(5mg=2eq), MeO H(1ml)
､
§
ク′
ら,.
ク′
ミゝ .
ク
■
も ､
(1 85)
HOH2C
N
H
(186)7mg:3 5 %yieldfro m(185)
1) (186)10m g(0.340m m ol)
CICO OCH3(39ul),MgO(69mg),
n U(6.8ml), H20(1.7ml)
rt. , 30min .
2) (SM)92mg
LiA 止払(1 30m g),dryTT F(5ml)
rt. , 4.5 hrs.
､
勺
N
H
N:
Spe ctral data of(187)
mp∴ 196-200
o
▲C
[α】D22: -280
o
(c =0.4, MeO H)
u v九m axMeOHn m :292,283,22 2
IR(K Br):3289, 27 90,1462,13 40
(187)58mg:55 %yield fr o m(186). EI- M Sm/I(%):308CM＋,95), 293
SeO2, H2S Oヰ
H202
ト､山;
ko u min e(19)
(25),27 9(10), 122(100)
1E -N M R(CD C13)8:8.34(1H加 ･s,
N H) 5･39(1 H, q,I =7 Hz,C(19)-H)
5.15(1 H,d, J=9.5fiz, C(3)-H)
3.8 3(2 H, t, J=10.5 Hz,C(17)- B2)
3.6,2.9(e ach fI,d,J=14.5 Hz,C(21)- H2)
1.69(3 H,d, J=7h2:,C(18)- H3)
1 09
6. ･ G 地
Thisinve stigation also rev e aledthe perc e ntage of crude base fro mdiffere nt
pa rts of Ge/s e miu m e/ega n sBe nth. T he ro ots ofthis pla nt co ntain ed the highe st
qu a ntJ
.
ty Ofcrude bas e, c o mpa n
r
ng with its ste m sand bra n che s,一e aves and s e eds. The
yields ofcrude alkaJojds whJ
'
ch bas ed o ndry ro ots, ste m s a nd bra n che s,1e a v e s a nd
s eeds w ere 1 .1 , 0.23, 0.24 a nd 0.6 perc e ntage s, r e spe ctJ
'
v ely. Am o ng is o(ated
aJkaJoids, gels e min eis the m ain alkaloid fro m a ny m e ntio n ed parts ofthis plant
e x c ept fro mthe s e eds which c o ntaJ
'
n s o nly 14-hydro xyge[s edin e a nd the ro ots,
ko um J
.
n eisthe m a)o r c o mpo n e nt.
Sixtee nalkaJoids have be e nisolated a nd chara cteriz ed. They aregels e min e,
geJs e vJ
-
Tin e, ko u min e､ geJs e m
'
cjn e, 1 4-hydr o xygeJs enicin e, hu m antenJ
'
ne, 14-
hydro xygefs edin e, ko u midI
'
n e, 1 9-(I)- aku a m midJ
'
n e. 1 61 ePi･ v oac a rpin e, 19･
hydro xydihydrogels evirin e, 19-(Z)･taberpsychin e, kQ u min e N- o XJ
'
de, geJs e min e
N- o xide, 19- o x ogels e nJ
'
cJ
.
ne a nd e(egans a mine, thefa st s eve nis o一ated ba s e s ar e n e w
aJkaloids･ T he stru cture s of ko u midin e a nd 19-(Z)･ aka um m]
'
dine have be e n revis ed
from (1 9E)-fo r m to(1 9Zトfo r m･ Further m o re, the synthe sis a nd abs olute
c o nfigu ratJ
'
on dete r min atJ
'
o n of β e/s e m /
'
u m alkaJoids ko u midin e, 19-(Z)-
tabe rpsychin e and ko u min e ha v ebe e n c arried o ut, in cluding the propo s al of
bioge n etic ro ute of Gels e miu m aJkaJoids.
110
P A RT IV
EXPERIM E NT A L
111
EXPE RIM E N TA L
出 血 血鮎血
T he ro ots. ste m s a nd bran che s,Le a v e s a nd s e eds of Ge/s e mI
'
u m e/ega n sBe nth.
w e r e c o=e cted fro mP hu uLu a ng Natio n a=
⊃ark, Lo ei Provinc e, T haila nd 汁1 October,
r
1985･ The pJanl w a side ntified by Dr･ Ten Sm I
'
tin a nd･ the for m erDeputy Directo ト
Ge n eraJ
.
Royaf Fore st Departm e nt of Thaila nd. A herba riu m spe cim e nis keptin the
Departm e nt of Phar m a cogn osy, Fac uJty of P har m a c e utic al Scie n c e s, C hu[alo ngko m
University, Ba ngkok, T haiJa nd.
1. C hro m atography
l.1 An aJytic aJth h-Layer chro m atography
The T LCplate sfor routin ework were Pr e-Co ated T LC plate s of
S ‖ica ge一 60 F-254and Pre -Coated TLC Plate s of A(u min u m oxide F･254(type
E)(Me r ck).
Technique
Te mpe ratur e
So一v e nt system s
: o n e w ay, a s c e ndi咽 ,5c m.
:laborato ry te mperatur e(1 5-3 5
o
C)
: thefo=owi.円gSOIve ntsyste m sw ere u s ed depe nding o nthe
m obiほty of the alkaZoids being e x a min ed.
chlo rofo rm
ac eto n e
ether
ethyl a cetate
ethyla c etate : b即 Z e n e(8 0:2 0)
ethy( a cetate : n-hex an e(80:2 0)
ethy[ ac etate : n -hex ane (50:5 0)
11 2
Dete ctio n
ethyl a c etate : m etha n o一 (9 0:10)
ethyl a c etate : m etha n o((80:20)
ethyl a c etate : m ethanol (50:50)
c州o rofo rm : ben z e n e(50:50)
chlo rofo rm :ethyl ac etate (60:40)
cHo rofo rm : a c eton e (50:40)
ch[o roform : m etha n o[ (9 0:10)
chlo rofo rm : m etha n ol (80:20)
cMo rofo rm : metha n ol (60:4 0)
chlo rofo rm : m ethan ol (95:5)
m etha n ol : dichJo ro m etha n e(0.5:9 5.5)
: a) uJtravioJetlight at w a vele ngth 254n m
b) Drage ndo仰 s spray re agent(T his re agent w askept a s a
sto ck solutio n co nsisting of a mixture of bis m uth subnitrate
850mg, gla cia‡ a cetic a cidlOml, distilled w ate r40m暮, a nd
pota s siu miodide 8gm , distiHed w ater20mI. T he w orking
s oJutio nis m ade by m lXlng l Oml ofthe sto ck s olutio n with
20ml ofgla cial a c etic a cida nd 70m( of distilled w ater.
Drage ndorfrs re age ntis u s ed a s agen eral Jkaloid-dete cting
re age nt.)
c) 0･2 M a nhydro u sfe rrJ
'
c ch(o ride in 35% W/V pe rchloric
a cJ
･
d spray re age nt･ Plate she ated at 90
o
C for10min ute s.
(Theindole and o xindoJe a【ka(oids giv e o[iv egre e nto grey o r
bro w n a nd pink to purple spots a s po sitiv e te st,
r e spe ctiv ely.)
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1.2 Preparativ ethin-layer chro m atography
Pre-Co ated for preparativ ethin-faye r chr o m atogr aphy plate s
silic agel60F2 5 4(Merck),layerthickn e s s1 m m w ere u s ed･
Techniqu e
Temperatur e
Solvent syste m s
Dete ctJ
'
o n
Techniqu e
Ads orbe nts
Te mpe ratu re
: o n e w ay, a s c e ndJ
'
ng, 15c m
:一abo rato ry te mperatur e(1 5-35
o
C)
: ether
chlo rofor m : ethyl a c et畠tp (6:4)
chlor ofo rm : ethyl a c etate (95:5)
aceto n e : n-he x ane (4:6)
ethyl a c etate : m ethano一 (45:55)
: uJtravioJetlight at w ave(ength 254n m
1･3 Colu m n chro m atography
: open c o一u m n chro m atography. fla sh c olu m n chro m atography
a nd m ediu mpres s ure cofu mn chro m atogr aphy
: sJ
'
nc a gel 60 (Me rck) 70-23 0m e sh; si)ic a ge一 60 (Merck)
230- 400m e sh; alu miniu m o xide 90 a ctiv e, neutra一 7 0-
230m e sh (Me rck); Mer ck AIu miniu m Oxide (a ctivity fト
‖) and Merck LoberSi 6 0(fo r m ediu m pre ss u re c olu m n
chro m atography)
:Tabo ratory temperature (15-35
o
C)
Pa cking : a) ads orbe ntspacked dryintothe colu m n.
b) ads orbe nts po ur ed slowlyinto the c olu m n c o ntaining
s olv e nls .
A ddito n of alkaloidal m aterialto c olu m n
: crude alkaloidw a sdis solv ed in s m aH a m o u nt of orga nic
s olv e ntandadded ontothetopof ∞ 山m n.
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Solvent system s : n･he x a n e
n･hexan e : ethyl a cetate (1 0:9 0)
n-he x ane : ethyJ a cetate (2 0:80)
n･he x an e: ethyJ a cetate (40:60)
ethyl ac etate
ethyl a cetate ･
'
rn ethano((95:5)
ethy) a cetate : m etha n ol (9 0:10)
ethyJ a cetate : metha n ol (80:2 0)
ethyl a cetate : m ethan o( (70:30)
ethyf ac etate : m etha n ol (50:5 0)
cHo r ofo r m
chlo rofo rm : m etha n ol (95:5)
chlo rofo rm : m etha n ol (90:10)
cMorofo rm : m etha n e( (80:20)
chlo rofo rm : m etha n o一 (50:50)
ethe r
Detectio n ofelu ate :by thin-laye r chro m atogr aphy a nd ultravioJe =ight at
w aveJe ngth 254 n m.
2. P hysical Co nsta nt
A”m elting points w ere m e as ured o n aYa m ato M P-2 1apLparatu s a nd
are u n co rre cted.
3･ Spe ctro sc opy
3.1 Ultraviolet abs orptio n spe ctr a w ere m e a s ured in MeO Hwith a
Hita chi 34 0 orHitachi U 34 0 0spe ctro m et rs.A
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3.2 Infrared abs o rption spe ctra were m e a sured with a Hita chj 260
spectro m eter. The m ateria一s w ere examin ed in pota ssiu m bro mide disc or in
cMo rofo rrnsolutio n s.
3.3 Proto n n u cle a r m agn et)
'
c r e s o n a n c e(1H-N M R) spe ctra w e re
re c orded o n aJ E O L J N M FX-27 0a nd JN M G X-2 70(270 M Hヱ) spe ctro m et rs with
tetra m ethyJsi[a n e(T. M IS.) a s a ninte rn al sta nda rd in de ute ro chlorofo rm(C D CJ3)
u nle ss otherwis e stated.
3.4 1 3c- n u cfe a r m agn etic re s o n a n c e(1 3c- NM R) spe ctra w ere
m eas u red with JE O L J N M FX･ 2 70 a nd JN M G X-270(6 7.8 M Hヱ)spe ctro m et rs with
tetra m ethylsila n e a san intern al sta ndard.
3.5 Ma s s spe ctra w e retaken with HitachiRM U-60a nd R M U-7 M
SPeCtrO m eterS
3.6 C Dspe ctra w er e m e a s ured w J
'
th J A SCO J-5 0A and J-2 0in
M∋O H
4. Solv e nts
T hro ugho ut the w ork a‖ orga nic s o(v e nts w ere redistiJ[ed before u s e.
1k
1. Extra ctio n a nd ]s olatio n of Alkafoidsfro mthe Ro ots
l.1 Extra ctio n of alkaloids fro mthe roots
The dried coars ely powdered ro ots(6 0 0g) w e re e xtracted with
MeO Hat ro o mte mperature forthre etim e s(for3, 5 and 7 days) a nd filte red. T he
c ombined m etha nolfiltrate w a sco nc entrated in v a c u ot affo rd syrupycrude e xtra ct
(6 6g)I which w asdis s o一ved in lN H CIsolutio n a nd partit]
'
o ned to ethyj a c etate . Afte r
11 6
the ba ck- e xtra ction of ethyl ac etate with l N = C=he c o mbin ed a cidic Iayer w a s
ba sifiedto pH 1 0with solid Na2C O3 at O
o
C andthe n e xtra cted with 5 % MeO =/C = C13
thre etim es･ T he organ]
'
clayer w as washed with brin e, dried o ve r a nhydro u s s odiu m
s uJfate a nd evapo rat叶 under redu c ed pre s sureto give crude bas e6.8 8g (1.1 %).
T he diagra m ofextra ctio nis show na sfo=o w s:
iextd. with MeO H
diss oI.inlN H Ctaq.
e xtd. with EtO Ac
H C[a . a v e r_I
e xtd. with l N
ba sified with Na2C O3･
e xtd. with 5 % MeQ H/C H C13
‡ 与
orc7 anic [a v er
H C]aq.
良QAbJayBL
i
washed with brin e
dn
'
edwith Na2S O4
e v apd.
c r ude ba se 6.887g (1.1% bas ed o ndry ro ots)
.1.2 Is olatio n ofalkaloidsfro mthe roots
T he portio n of alkaloidal fra ctio n (6.8g) w a s roughly
s eparated with A[203 C OJu m n chro m atography. T he c o[u m n w a s elut d with be n z e n e,
50% C H C13/be n z e n e, 50- 1 0 0% C H CI3/be n z e n e, CHC]3- EtO Ac, a nd 1 0- 2 0 %
MeOH/EtO Ac u ntiln otra ce s ofalkaJoid co uld be dete cted. The m e ntio n ed s oJv e nl
system s afforded fra ctio n sRl,R2,R3,R4 a nd R5.r e spe ctiv e一y. The s efra ctio n s w e re
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purjfJ
'
ed with SiO2 CO[u m n chrom atography, flash co(um n chro m atography. m ediu m
pre s s ure colu m n chro m atography a nd/or preparativ eT L Cwhere appropriate･ T he
aJka(oids geJs evirin e (28), and hu m a nte njn e(3 5); ge(s e virin e (2 8), ko u min e
(1 9), gels e nicin e(43), a nd hu m a nte n王n e(35); gefs e mine (26), geJs e vJ
'
rin e(28),
ko u min e (19), geJs e nicin e (4 3), a nd 19-(Z)-taberpsychin e (2 5); gelsemine
(2 6), 191(Z)- aku a m midin e (23), 14-hydroxygeJs e nicJ
'
n e (44), ko u midine (22)
a nd 19- hydro xydihydroge(s e virin e (3 0); a nq 16- eps- v o a c a rpin e (2 4) w e r e
obtain edre spe ctiv ely. T he detai(s are sho w n asfo=o w s:
郎 蜘
be n ze ne
0% C H CJ3/be n z e ne
Rr
- gels evirin e(28), hu m a nte njn e(3 5)
R2- - geJs evirine (28), ko umin e(1 9).
ge(s e nicin e(43), hu m a nte n]
'
n e(3 5)
50-1 0 % CHCJ3/be nze n e R3- - gels e min e(26), geJs e virin e(2 8),
C H C13- EtO Ac
10～ 2 0% MeO H/EtO Ac
ko u min e(19), gels e n]
-
cin e(43), 19-
(Z)-taberpsychine (2 5)
R4
- - gelse mine(2 6),1 9-(Z)- aku a m midin e
(23), 1 4-hydro xygels e nicin e(4 4),
ko u m )
'
din e (2 2),19-hydr o xydihydr o･
･ gels e vjrin e (30)
R5
‾ - 16 - epi- vo a c a rpin e (2 4)
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T he fractio n R3- R4 elu e ntfro mA1203 COIu m n chro m atography w as
s ubje ctedto repe at 他 sh co(um n chro m atography usingl% MeOH/C H C[3 Sat. With aq.
N H3 aS a S OIv e nt to afford co[orles s n e ed一 s of
.g
efs e m )
'
n e(26)(369mg).
Vl
The be n z e n e-5 0 % C H C]3/be n z e ne e(u ent fro m A暮203 C OJurn n
chro m atography w a s s ubjected to m ediu m pres s ure.colu m n chro m atography u sing
lO % MeO H/C H CI3 a S a s olv e nt syste mto giv ea n am orpho u s s olidofge(s evirin e(28)
(4 95mg), which w a s obtained a sH CIs alt.
T he 50 % be n ze n e/C H C[3 - C H CZ3'elu e nt fro m A1203 C OJu m n
chro m atogr aphy w a s purified by f)a sh c o一u m n chro m atography u sing 5-
l O% MeO H / C H C13 tO affo rd coJorles sp一ate s or c oJu m n a r crystals of ko u min e
(5 74 mgト
Lieis Bnidn B m
T he 50% be n z e n e/C H C13- C H C13 eJu e nt fro m A 1203 C O(u m n
chro m atography w a s s ubje cted to m ediu m pres s ure c olu m n chro m atography using
l O % MeO H/C H C)3 aS a s olve nt. syste m to give colo rle s splate s o r n e edle s of
gle s enicin e(331mg).
出 血
The fra ctio n R4 elu e ntfro mAI203 Chrom atography w as iso一ated by
m ediu m pr e ss u recoJu m n chro m atography u sing l O% MeO H/C H C13 tO afford a n
a m orpho u s s oJidof 1 4-hydro xygeJs e nicine (16 9m g)I
The be nzen e･50% C H CZ3/be n z e n e elu nt fro m A(203 C OIu m n
chro m白tography w a s s ubje cted to m ediu m pres s ure c olu mn chro m atogr aphy using
1 1 9
1 0% MeO H/C H C13 aS a SOIv e nt to g)
'
v ean a m o rpho u s solidof hum a ntenin e(354mg),
which w a s obtaJ
'
n ed asH CJsa一t.
ユ旦こ(呈1ニ丑山 地
T he fra ctio n R4 elu e nt fro mA[203 C Ofu m n chro m atography w a s
is olated byflash colum nchro m atography usJ
'
ng 5 % MeO H/C H C[3 a S a solv e nt, the
台lu e nt w aspur]
'
fI
'
ed bySiO2 C OIu m n chro m atography using l % MeO H/C H CJ3 S at. With
aq･ N H3 tO give c olo r(e ss n e ed[ s of 19-(Z)- aku a m midin e(35mg).
地 +退21
T he fr a ctio n R4 efu entfro m AJ203 C Olu m n chro m atography was
is olated byfla sh coJu m n chro matography usJng l O % MeO H/C H C13 a S a solv e nt. After
thatSiO2 COlu m n chro m atography w as e(uted with l% MeO H/C H C[3 S at･ With aq･ N =3
to yieEdc oJorJe s s ne edJes of ko u midin e(47mg).
ユ 地
The fra ctio n R5 eJuent from A1203 C OJu m n chro m atography w a s
s ubje cted to repe at SiO2 c olu m n chro matography u sJng 5 % MeO H/C H CJ3 a nd l%
MeO H /C H C13 S at･ W ]
'
th aq･ N H3 tO afford colorJe s spr]s m s orplate s of 16･ epi-
vo a c a rpin e(7 8mg).
ユ 地 心
T he fra ctio n R
-5 eJuentfro m A[203 C O(u m n chro m atography w a s
isolated byflash c olu m n chro m atography･ eJuting with 20% MeO =/C = C-3; PUrified
by SiO2 Chro m atography u sJng 2 % MeO=/C=Cf3 S at. W J
･
th aq･N =3 ;a nd m ediu m
Pre s s u re C Olu m n chro m atography u sJng 1 0 % MeO H/C H Cb to affo rd c ofo r[e ss
a m orpho u s of 19-hydro xydihydrogels e virine (l lm g).
T he 5 0% be n z e n e/C H CI3- CHC-3 efu e nt fro m At203 C OJu m n
chro m atography･ w a sis olated by f-a sh c olu mn chro m atogr aphy u sing 5 %
M eO H/C H CJ3 a S aS Ofve nt･ Afte rthat w a s s ubje cted to repe at m ediu m pre ss u re
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c o(u m n chro m atography(10 % MeO =/C = CT3)I A[203 COlu m n chro m atography(EtO Ac)
a nd pr eparative T L Cu sing 4 0 % MeO =/EtO Ac a s a s olv e nt to give 1 9･_(
Zト
taberpsychjn e(3mg).
2･ Extractio n a nd [soJatio n of AJkaloidsfro mthe Stem s a nd Bra n ches
2･1 Extra ctio n ofaJkaJoidsfro mthe ste m s a nd bra n che s
The dried co ars ely po wde red ste m s a nd bra n che s(3.5kg)w e re
extra cted with MeO Hat ro o mte mperaturefo rthre etim e s(fo r3, 5 a nd 7 days) and
A
<
fntered･ The c o mbined m etha n ol filtrate w a s c o n c e ntratedto syrupy m a ss u nder
reduced pre ss ur e, a nd dis s o一ved in 3 % H C[solutio n with w e(Ishake n. The a cidic
filtrate w a s wa shed with portion s of EtOA?, the n made ba sic(p=10) with stro ng
so一utio n of a m m o niu m hydro xide a nd extra cted with C H C13 Sixtim es. T he c o mbJ
･
n ed
CH C)3 e xtra ct W a s W ashed with w ater, dried over a nhydro us s odiu m s uげate a nd
e vaporated u nder r edu c ed pre s s ur eto yie一d c rude alkaJoids 8.2g (0.2 3%), a s
diagra msho wn a sfo=o w s :
e xtd. with MeO H
dis s ol･ in 3 % H CIaq.
w a shedwith EtO Ac
A 蜘 【
ba sified with N HS aq.
extd. withC HC13
也
fiQAcJam
7hdeo?v:=hNHa22So.a nd ev aP･
c rude alkaloids 8･2g(0･23 % ba s ed o ndry stem sand branches)
1 2 1
2.2 IsolatI
.
O n OfafkaJoidsfro mstem s and bra n che s
The ponio n of afkaJoidaJ e xtra ct(7.1g) w a s ro ug川y s eparated
with SiO2 C O(u rnn chro m atography･ The c olu m n w as e(ut d with 0-2% MeO H/EtO Ac,
5-10% MeO H/EtO Ac, 50 % MeO H/EtO Ac, MeO H, a nd 5 % N ets/MeO Hu ntiJn otrace s
of aJkaJoid c o ufd be dete cted･ Acc ordJ
.
ng tO the s o(v e nt system s, they affo rded
fractio n sSl･ S2, S3, S4. S5 a nd S6, re SPe Ctiv eJy･ T he s efr a ctio n s w erethe n
Pu rJ
'
fied with SiO2 COIum n chro m atography･ fla sh c ofu m n chro m atography, m ediu m
Pre S SUre CO(u m n chro m atogr aphy a nd/o rpr eparativ eT LC where ap propriate . T he
alka(o1
'
ds'elega n s a m ･
'
n
.
e (46) a nd 1 6- epi- v o a c a rpin e (2 4); 19-(Z)- aku a m midin e
(23); ge(se nJ
'
cin e (4 3) a nd ko u midin e (2 2); 14- hydro xyge(s e nicin e (44),
hu m a nte nin e
.(
35) a nd ko u midin e
.(
22); ge-s e min e (26), ge(s e virin e (28),
hu rn a nten]
'
n e(35卜a nd 1 4･hydro xygeJs e m
'
cin e(4 4); ge(s e min e(26) and ko u min e
(19); w e re obtain ed re spe ctively. The detaJIs a re sho w nasfollo w s:
lk fr ∩ h
也
一 0- 2% MeO H/EtO Ac Sl - eZegan s a mine (46), 1 6- epトvo a c a rpin e
- - 5ー10 % MeO H/EtO Ac
- 20% MeOH/EtO Ac
5 0% MeO H/EtOAc
- 一 肌∋OH
5% N Et3/M eO H
(2 4)
S2
- - 19 1(Z)- aku a m midin e (2 3)
S3 - gefse nicin e(43), ko u m J
'
d
'
n e(2 2)
S4
- - 1 4･ hydr o xy ge(s e nicine(4 4),
hu ma nte nin e(35),ko u midin e(2 2)
S5 - gels e min e(2 6),gelsevirin e(28),
hu m a nte nine(35),
1 41hydroxy gels e nJ
'
cin e (44)
S6 - geJs e min e(26), ko u min e(19)
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The 0- 2 % MeO H/EtO HeJuentfro mthe SiO2 CO(u m n chro m atography
w a ssubje ctedto repe at A1203 C OIu m n chro m atography u s mg C H CI3 a S a solv e nt to
affo rd c oJor[e s spris m s of e)egans a min e(8mg).
3. Extra ctio n a nd[s ofation of A]kaloidsfro mthe Le a v e s
3.1 Extra ctio n of alkaJoids fro mthe一e av e s
T he dried c o a rs e[y po wde red le a v es(4.7kg)w ere moI
'
ste ned
withstro ng am m onium hydro xide s oJutio n a nd a”o w edto sta nd ov e might. tt w a sthe n
m a cerated with ethyra cetateforthre edays a nd filtered. T he m are w as re m a c erated
with ethy[a c etate fo rthre edays and filtered. The co mbJ
'
nedfiltrate w as co n c entrated
to syrupym as s u nde r redu c ed pr es su re., mix ed withgla cial a cetic a cidthe npo ured
into aJarge volu m e ofw ar m w ate rto giv e abo ut5 %ac etic a cids olutio n, w e川shake n
and 一eft to stand o･ver nJ
'
ght. T he acidic filtrate w a s w ashed wJ
'
th portions 8f
petro一e u m etherthre etim e s, the n ba sified to PHI O with stro ng s olutio n of
am m o niu m hydro xide a nd e xtra cted with ch一orofo rm. T he c o mbin ed ch一o rofo r m
extra ct w a s w a shed w J
'
th w ater, dried.o v e r a nhydro u s s odium s ulfate a nd e vapo rated
to yie一d cr ude aJkaJoids(l l.38g).
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4. k
m oistd. withNH40 H
m a c erated with EtO Ac
dis soI. in 5% AcO H
wa shed withpet. ethe r
千蒜iewdit訂iTHNcT34｡ H
agJ ayE 伽
w ashed with H20
dried with Na2S O4
ev api
crude aJkaloids l l･38g(0･2 4% ba s ed o ndry一e aves)
3.2 ]sola†io n of a[kaloidsfro mtheJe a ve s
The po rtio n of alkafoidal e xtr a ct(2.5g) w a sdis s olv ed in
chJorofo rnl(10mf)a nd mixed with s m aJJa m o u nt of silic ageL T he c o nte nt w a sdried
●
a ndpa cked ontothe top of drysilic agelcolu m n･ T he c olu m n w a s e-ut d s u c e ssiv ely
with 50% ∩･hexa = e/EtO Ac, 1 0% MeO H/EtO Ac, 20 % =eO =/EtO Ac, 30% =eO =/C HC】3
a ndthe n with MeOH･ T he 50 %n-he甲n e/EtO Ac e[u e ntw asfurtherpurified bySiO2
co(u m n chro m atogr aphy u slng 50% n-hexa n e/EtO Ac a nd the nby prepa rativ eT LC
(6 0 % C H CI3/EtO Ac)to gJ
.
V e 26mg of 1 6- epi- v o a c a rpine (24) a nd 6mg of 19-
o xogeJs e nicin e(45)･ The lO % MeO H/EtOAc elu e nt w as s ub)
'
e ctedto SiO2 CO(u m n
chro m atography a nd llmg of 19･(Z)- aku a m midin e(2 3) w a s obtain ed from the
fractio n s of 5 % MeO H/EtO Ac e山e =t･ The 20% MeO =/EtO Ac e山e =t w a s s ubje ctedto
A1203 C O(urn n chro matography･ From 4 0% n-he x a n e/EtOAc elu e nt, 159mg of
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gels e min e(26) w as obtain ed･ T he 30% n-he x a n e/C = Cl3 eJu e ntfro mA[203 C叫 m n
chro m atography w a sfunher pu rified bypreparative T LC(45 % EtOAc/MeO =, triple
de v eJopm ent) to yield 1 8mg ofge[se min e N- o xide(31) and 13mg of ko u min eN-
o xide (2 0)･ T he 3 0 % MeO H/C HC]3 elu e nt fro m the first SiO2 C O[u m n
chro m atography w a sfu rther pu rified by AJ203 c olu m n chro m atography u sing 4 0%
- n -he x a n e/EtO Acto yield20mg of ko u min e(19).
fr
t
＋pl
ま 蜘
50 % ∩-he x a n e/EtOAc
- -1 0% MeO H/EtOAc
20% MeO H/EtO Ac
30% MeOH/CHC13
ヰ 16- epi･ vo a c arpin e(2 4),19･ o x ogels e nicin e
(4 5)
ヰ 19-(Z)- aku a m midin e (23)
～ gefs e min e(26), ge(s e min eN-o xide(31),
ko u
'
min e N1 0 Xide (20)
～ ko u min e(1 9)
4. Extra ctio n a nd ls o(atio n of A[kaloid fro mthe Se eds
4.1 Extra ctio n ofa[kaJoid fro mthe se eds
The driedpo wdered s e eds(8.746g) w ere extra cted with MeO H
at ro o mte mpe ratu re thre etim e s. The c ombined m ethan oJextract w a s c on centrated
in v a c u ot affo rd crude e xtra ct(2.769g)which w eredis soh/ed in lN H CIs olutio n
a nd w a shed with he x an e. Afterthe ba ck- e xtr actio n of hex a n e[ayer withlN H C[,the
c o mbined a cidiclayer w a s e xtra cted with ethyl ac etate which w asfu rther extra cted
withl
■
N HCl. T he c o mbin ed a cidic[aye r w a sba sified to PHI Owith s o[id Na2C O3 at
o
o
c and the n extra cted with 5 % MeO =/C=C13 three tim e s･ The o rga niclayer w as
1 25
w a shed with brin e, dried o ve r a nhydro u sNa2S O4 a nd e v apor ated unde r redu c ed
Pres s uretO蛋;IVe Crude ba s e53mg.
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e xtd. with MeO H
皿 且池1
dis soL in l NH Claq.
w a shedwith hex a n e
且 蜘 L
e xtd･ with l N H Claq.
e xtd. with EtO Ac
且 地
extd･ with l N H Claq.
basified with Na2C O3
e xtd･ with5 % MeO H/C H CI3
孤+ay旦【
w a shed withbrin e
dried with Na2S O4
e v叫 .
c r ude bas e5 3mg(0･6 %ba s ed on dry s eeds)
4.2 1s oJatio n ofalkaloI
'
dfro mthe s e eds
T he crude ba s e53mg w a s s ubje cted to fla sh c olu m n
l
chro m atography. T he 20% MeO H/C H C-3 e[u e nt w asfunherpu rified bySiO2 c olu m n
chro m atography u sing 3% MeO H/C H CI3 S at･ With aq･ N =3 a S a S O-v e ntsyste mto gJ
･
ve
C Olo rfe ss n e ed一s of1 41hydro xygeis edin e(4 0)6mg.
1 26
5. Is olated A[kaloids and TheirYields
I The is olated alkaJoids a nd their yields from the ro ots, stem s and
bra nche s･le a ves and s e eds of Ge/s e m I
-
u m e/egan sBe nth. a r e sho w n asfollo w s.
Alkaloids Ro ots te m s a nd branche Le ave s Se eds
mq % mg % mg % mg %
GeJs e min e(26) 369 5.4 10 94 1 5.4 159 62.8
20 7.9
.6 11.3
Gels e virine (28) 495 7.3 95 1.3
Ko u mine(19) 574 8.4 251 3.5
Gels e nicin e(43) 331 4.9 6 0 0 8.5
11 4.3
14- Hydro xygels e nicin e(4 4) 1 6 9 2.5 501 7.1
Hu m a nte nin e(35)
14-Hydro xyge!s edin e
■(40)
191(ZトA ku a m midin e(23)
354 5.1
35 0.5
79 1.1
55 0.8
Ko u midin e(22) 4 7 0.7 2 2 0.3
1 61 ePトVo a c a rpine (24)
19- Hydro xydihydro-
gels evirin e(30)
78 1.1
1 1 0.2
9 4 1.3
8 0.1
26 10.3
6L 2.4
1 9-(Z)-Taberpsychine(25)
Elega ns a min e(46)
1 9- Ox ogels e nicin e(45)
●
3 0.04
Gels e min eN- o xide(31) 1 8 7.1
Ko u min e N- o xide(2 01 13 5.1
Total 2 457 36.1 2 7 9 9 39.5 253 10.2 6 11.3
% :Bas edo ncrudeba s e
1 2 7
1.
a c eto n e.
Mefting point
UV 九TTl aXn m
旧 (K Br)
M S m/I (%)
1HI N M R8
1 3c_N M R
ific atio n of lsofated Afka(oi
追皿 皿旦⊥王立上
Ge(s e min e(26) w a s obtain ed a s c olorle s s n eedle crystals fro m
: 1 7 6.1 7 8
o
C
: 2 9 3(sh), 280, 251,
.
2 0 8.
: 1 715, 1475, 1225, 1 095.
･: 322 (M＋ , 47), 2 4 9(5 5), 10 8(1 0 0).
: 718 6(1 H, br- s, N H), . 7･2 4(1 H, d-like, Jご 7.6 Hz, C(9)-
H), 7･0 0(1 H, トJike, J= 7.6 Hz, C(10)- H), 7,1 9(1 H, ト
like, J= 7.6 Hz, C(1 1トH), 6.7 7(1H, d-一ike, J= 7 .6 Hz,
C(1 2)- H), 6･26(1 H, d d, J=17.8, l l.0 Hz, C(1 9)- H),
5･1 0(1H. d d, J- l l.0 , 1.3 Hz, C(1 8トH), 4.9 4(1H, dd,
J=1 7.8, 1.3 Hz, C(1 8トH), 4.l l(1H, d d, J= 11.1, 2.3 Hz,
C(1 7)-H), 3･91 (1 H, d d, J- l l.1, 2.0 Hz, C(17トH),
3･8 2 (l H, br- s, C(3)- H), 3･4 4 (l H, br- s, C(5)- ”),
2･83(l H, dd, J=14･4, 3･O Hz, C(14)- H), 2.00(1 H, ddd,
J王14･2
, 6･0, 3.0 Hz, C(14)-H). 2.42 (1H, bトd, J=8.9
Hz, C(16)- H), 2.25 (3 H, s. N ･C H3), 2.78 a nd 2.31
(e a ch l H, d, J=1 0.2 Hz, C(21)- H2).
: Se eTable1, page14 4
巧ヽ fI
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H
1 28
This base(28) wa s obtaJ
'
n ed as a n10 rPho u s solid fro m a c eto n e, which
2.
aforded a sH CJsalt.
Melting point
U V 九m axn m
I R(H CIs alt, K Br)
M S m/I(%)
lH-N M R8
1 3c_N M R
: 2 5S- 2 60
o
C (de c.)
: 280(sh), 254, 20 8.
: 2 4 40
,
1735, 1463, 1 078.
: 35 2(M＋ , 26), 32 1(63), 3 09 (28), 10 8(100).
: 7.46(1H, d-like, J=7 .6, C(9)- H), 7.05 (1H, トIike,
J= 7.6 Hz, C(1 0)- H), 7.2 9(1H, I-like, J= 7.6 H之, C(l l)-
H), 6.95(1 H, d-like, J= 7.6■Hz, C(1 2トH), 6 .2 4(1H, dd,
J=1 7.8, ll.0 Hヱ, C(19)-H), 5r.1 3(1 H, dd, Jsl l.0, 1 ･3
Hヱ
, C(1 8)- H). 4.97 (1 H, dd, J: 王1 7.8, 1.3 Hz, C(18)- H),
4 .10 (l H, dd, J- 10.9, 2.3 Hz, C(17)-”), 3.89 (lH, dd,
J= 10.9, 2 .0 Hz; C(10)･ H), 3.96 (3 H, s, O C H3), 3 ･8 1
(1 H, br-s, C(3トH), 3.38(1 H, d, J= 1.3 Hヱ, C(SトH),
2 .84(1 H, d d, J;1 4.5, 3.0 Hz, C(1 4トH), 2･0 0(1 H, dd d,
J=14.5, 5. 7, 2 .6 Hz, C(14)-H), 2.4 2(1H, bトd, J= 8･6
Hz, C(5)てH),. 2.2 8(1H, br-d, J; ニ9 Hヱ, C(15)-H), 2･24
(3H, s, N- C H3), 2.7 8 and 2.31(e a ch lH, d, J=10･3 Hz,
C(2 1)- H2), l .9 4(lH, br-s, C(6)･ H)I
: Se eTable i,page 144
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Koumin e(19) crystaJ[ized fro m a c eto n e a s c o[o r(e s splate s o r
3.
c o[u m n a r crystaJs.
Melting point
UV Lmaxn m
lR(K Br)
M S m/I(%)
1H_ N M R 8
13c- N M R
: 1 6 8_ 169
o
C
: 29 6(sh). 262, 230(sh), 221, 215(sh).
: 1450, 1215, 1085, 1070.
: 3 06(M＋ , l o o), 224 .(2 8), 71(51).
: 7.61(1 H, d-一ike, J= 7.3 Hz, C(9トH), 7.24 (1H, トIike,
J去7.3 Hz, C(10･ H), 713 5(1 H, I-like, J= :7.5 5 Hz, C(ll)-
H), 7.55(1H, d-like, J=;7.5 5Hz, C(12)- H). 5.01 (1 H,
br- s
,
C(3トH), 4.83 (1H, d d, J=16.8, 2.0 Hヱ, C(1 8トH),
4･78 (1 H, d d, J= 10.9, 2.0 Hz, C(18トH), 4.67(1H, dd,
J= 16.8, 1 0.9 Hヱ, C(1 9トH), 4.25(1 H, dd, J=1 1.9, 4 .3
Hz, C(17)- H). 3.61(1 H, d, J=11.9 Hz, C(1･7)-H), 3.08
a nd 3.1 8(e a chl H, e ach d, J- ll.4 Hz, C(21トH2), 2.8
(l H, br-d, J=10 Hz, C(16)- H), 2.7 8(1H, br- s, C(5)-
H), 2･61(3 H, s, N- C H3), 2.41(H, dd, J… 1 4.2, 1 .7 Hz,
C(6)･H), 2.34 (1H, d d, Js14.2, 2.0 Hz, C(6トH), 2.61
(lH, dt, J=1 4.5, 4.0 Hz, C(1 4)- H), 1 .8 8 (1 H, dt,
J=1 4･5, 2･3 Hz, C(14トH), 2.34 (1 H, bトd, J= -1 0 Hz,
C(1 5トH).
: SeeTable1,page144
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4.
M eJtjng point
UV 九m axn m
旧 (K Br)
M S m/I(%)
l H･N M R 8
1 3c_ N M R
This ba s e(43) crystamz ed fro mEt20 a s c ol rle ssplate s or n e edle
crysta暮s .
: 1 68 -1 7 0
o
C
: 281(sh), 25 7, io 8.
: 1 73 0, 1465, 122 0, 1110, 1018.
: 326 (M＋ , 53), 29 4(loo), 150(74).
: 7･5_3 (1H, d
-1ike
,
J: =7.6 Hz, C(9)- H), 7.0 7(1 H, I-[舌ke,
J=7.6 Hz, C(10)-H), 7.25(1 H, I-fike, J=7.6 Hヱ, C(l l)-
H), 6.88(l H, d-like, J=7.6 Hz, C(12)-”), 4.41(1H, m
C(5)- H), 4.31(1 H, dd. J三1 1.2, 3.0 Hヱ, C(17)-H), 4.26
(1 H, d d, J=11.2, 1.0 Hz, C(1 7)-H), 3.95(1 H, s, O CH3).
3.72(1 H, dd. J= 王4.5, 5.3 Hz, C(3トH), 2.8 6(1 H, dd,
J= ;9.9 , 9.2 Hz, C(15トH), 2 .56(1 H, m , C(16)- H), 2･37
(1H, dd, J= …1 4.8, 2 .3 Hz, C(14トH), 2･10 (1H, ddd,
J=1 4.8, 10.1 , 4.7 Hz, C(14)一H), 2 .7 2 a nd 2.4 1(e a ch
lH, dq, J=;17.1, 7.6 Hヱ, C(1 9トH2), 2.4 0(1H, d d,
J=15.4, 4 .6 JIz, C(6)- H), 2.28(1 H, d d, J=1 5.4, 2･4 Hz,
C(6)- H). 1.29 (3 H, I, J三三7.3 Hヱ, C(1 8トH3)･
: SeeTable1, page1 44
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5. ]4二_”_ydrQ_XV C7e_Ls e_m
'
c_in_e_(4 4
Melting po(
'
nt
U V九m axn m
lR(K Br)
_ M S m/I(%)
1H_N M R 8
1 3c_ NMR
T his ba s e(44)wa sobtain ed as a m orpho u s s olid.
: 158･ 1 6 2
O
c
: 281(sh), 265(sh), 258, 20 9.
: 34 0 0, 1715, 1470, 1045, 1 015.
: 342 (M＋ , 83), 312(4 5), 311(1 00), 1 0 8(3 4).
: 7.5 1(1 H, d-一ike, J=ア.6 Hz, C(9トH), 7.0 7(1 H, ト=ke,
J‡王7･6 Hz, C(10トH), 7.26 (1 H, I-[ike, J=7.6 Hヱ, C(1 1ト
H), 6･89(1 H, d-like, J= 7.6 Hz, C(1 2)-H), 4.44(1 H, d,
J-3 .0 Hヱ, C(14トH), 4.4 4(1H, d d, J=10.9, 3.6 Hz,
C(1 7)-H), 4.31 (l H, br-d. J=1 0.9 Hz, C(1 7)-H), 4 .41
(1H, m , C(SトH), 3.93 (3H, s, O CH3), 3.7 6(1 H, br- s ,
C(3)-H), 2･88(1H, br-d, J= 7.2 Hヱ, C(15トH), 2.58
(1H, ∩ , C(16トH), 2.73 a nd 2.7 9(e a ch lH, e a ch-q,
J=7.3 Hヱ, C(19)- H2),
: Se eTabfe 2
,page145
H､ ､
H
OH
ク
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J
0CH3
l･28(3 H, I. J- 7.3 Hz. C(1 8)-H3).
H
= } H
一♂
H
'
N
0
1 3 2
Hu m a ntenin e w a s obtain ed a s a m o rpho u s s olid fro m a c eto n e which
6.
afforded as HCIs alt.
MeJtJ
'
ng point
U V 九m axnm
-1R(H CIs a一t, K Br)
M S m/I(%)
l H-N M R 8
1 3c_ N M R
: 20 2- 2 05
o
C (dec°)
: 2 82(sh), 253. 207.
: 1 71 5, 1 620, 1470, 1 430, 1 21 8, 1210, 765｡
: 344 (M＋ . 65), 323(1 00), 12 2(86).
: 7.40 (1 H, d-like, 7.6 Hz. C(9トH), 7.ll(1 H, 輔 ke,
J=7.6 Hz, C(1 0トH), 7.3 2(lH, I-like, J=7･6 Hz, C(l l)-
H), 7.0
1
o (l H, d-like, J= 7.6 Hz, C(12)-H), 5･38 (1H,
b卜q, J= 6.7 Hヱ, C(19)- H). 4･2 0(1H, d, J= 1 0･9 Hz,
C(17トH), 4.06 (1H, d d, J= 1 0･9 , 4･9 Hヱ, C(1 7トH),
4,07(l H, s, OC H3), 3.63(1 H, br･d, J= 6･9 Hz. C(3)- H),
3.41 and 3.3(e ach lH, d, J=15.0 Hz, C(21)-H2). 3 ･35
(1 H, m , C(5)･ H), 2.25 (3 H, s, N -C H3), 2･3(l H, m ,
C(1 6トH), 2.51 (1 H, dd, J=15･5, 8･6 Hz, C(6)
-H), 1 ･69
(1 H, d d. J=15.5, 816 Hz, C(6)- H),
Hz, C(1t8)-rb).
: Se eTab一e 2, page1 45
H→ .
0 H
母
巳
1.65(3 H, br-d, J= 6･7
- - H
ク ′
㌔.
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OCH3
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1 3 3
7. 19-(Z トAku a m midi
Melting point
U V Lm axnm
旧 (K Br)
M S m/I(%)
T his ba s e(23)crysta[Iiヱed fro m a c eto n e a s c o一o rle ss n e edl crystals.
: 24 0_2 4 2
o
C
: 290, 2 80, 274(sh), 226.
: 3275, 17 20, 14 60, 1 2 25.
: 3 52 (M＋ , 10 0), 351(53), 321(48), 293(22), 2 4 9
(60. 1 69 (66), 16 8･ (ll)･
1H- NM R(CD30 D) 8 : 7.36 (1H, d-like, J= 7.3 Hz, C(9)- H), 6.9 8(1H, トnke,
1 3c_N M R
J=713 Hz, C(10)- ”), 7.03(1 H, I-(ike, J=7.3 Hz, C(ll)-
H), 7･26(1 H, d-Jike, J= 7.3 Hヱ, C(1 2)- H), 5.44 (1 H, m ,
C(19トH), 4.2(1 H, bトd, +- 8.3 Hヱ, C(3トH), 3.74 a nd
3･69(e a ch l H, each-d, J-1 0.2 Hz, C(17トH2), 3.5 7 a nd
3163 (e a ch lH, br-d, J= 13･5 Hz, C(21)- H2), 2.96(3 H,
s, C O O C H3), 2.78 (1H, br-d, J王; - 5 Hヱ, C(5)･H), 2.75
(1H, dd, J;4･1, l .3 Hz. C(15)- H), 2.8 4(1H, dd. J=15.2,
4
･3 Hz, C(6)- H), 3･4 2(1 H, dd, J望15.2, 1.3 Hz, C(6)-H),
2･6 6(1 H, br･d, J=1 0･9 Hz, C(14)･H), 1.93 (1H, d dd,
J=10･7, 8･5= -2 Hz, C(1 4)-H), 1.6 2(3 H, bトd, J; 6.9 Hz,
C(1 8トH3).
: SeeTable 2, page145
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Melting point
UV 九maxn m
lR(KBr)
M S m/I(%)
血血盟+ 孤
Ko u midin e(22) w a s obtained a s c ol rle s s n e edl crystals fro m
ac etone.
: 2 0 0- 201
o
C
: 289, 2 7 9, 2 73(sh), 225.
: 322 0, 1450, 10 3 5.
: 2 9 4(M十. 100), 2 9 3(87), 263 (4 1), 24 9(9), 1 8 2
(1 3), 1 69 (8 8), 16 8(5 7).
1H･ N M R(CD30D) 8 : 7.59 (1 H, d-like. J- 7.6 Hヱ, C(9)- ”), 6 .9 7(1H, t･=ke,
13c_ NMR
J三 三7.6 Hz
,
C(1 0)-H). 7 .0 5･ (1 H, I-like, J= 7.6 Hヱ, C(1 1ト
H), 7.40(1 H, d-like. J= 7.6 Hz, C(1 2)- H), 5･36 (1H, m ,
C(1 9)- H), 4 .ll (1 H, dd, J= 9.6, 4.0 Hz, C(3)-H㍉ 3･75
a nd 3.6 2(e a ch lH, b卜d, J=15.5 Hz, C(2 1トH2), 3･6 0
(1H, b卜dd, J=1 2.0, 4.3 Hz, C(SトH), 3.51 (1H, dd,
J= T O.9, 6.6 Hz, C(17)-”), 3.15(lH. dd, J-- 1 0･6, 8 ･9 Hzl,
C(17トH), 3.0 0(1H, dd, J=1 5･8, 1.7 Hz, C(6)-H), 2･9 1
(lH, d d, J= 1 6.3, 5.5 Hz, C(6)-H), 2 ･4 4 (lH, br-d d,
J; 5.9, 3.0 Hz, C(15トH), 2.2 4(1H, m , C(1 6トH), 1･9 1
●
(1 H, ddd, +=13.2, 1 0.0, - 2Hz, C(1 4トO H), 1 ･8 3(1H, d t･
J=13.2, -4 Hz,l C(14トH), 1.60 (3H, br-d, J= 6 ･9 Hz,
C(1 8卜H3).
: Se eTable2,page 1 45
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Melting poJ
'
nt
UV Lrn axn m
l R(K Br)
M S m/I(%)
芝 地
T his ba s e(2 4) crystalliz ed fro m C H2C12 aS C OJorJess pris m s o r
plate s.
: 1 62_ 16 5
o
C
: 290, 2 8l, 2 75(sh), 226.
: 33 80, 17 25, 1 455, 11 00, 1060.
: 368 (M＋ , 62), 351(29), . 33 7(28), 265 (65), 18 4
(100).
1H- N M R(CD30 D)8 : 7.39 (1 H, d-like, J=7.9 Hz, C(9トH), 6.9 7(1 H, トIike,
1 3c. N M R
J=王7･9 Hz, C(10)-H), 7･07 (1 H, t･[ike, J=7.9 Hz, C(ll)-
H), 7･3 3(1 H, d-like, J= 7.9 Hz, C(12)-H), 5 .2 6(1H,
br-q, J=6.9 Hz, C(19トH), 4.38 (1 H, br-d, J三5.5 Hヱ,
C(SトH), 4･16 (1 H, bトd, J= 16.8 Hz, C(21トH), 3.3
(1 H, br-d, J=1 7 Hz, C(21)-H), 3.6 8(3 H, s, C O O C H3),
3･52 (2 H, s, C(17トH2), 3.2(1 H, bト S, C(15トH), 3.1 8
(1 H, dd. J=16.5, 1.7 Hz, C(6)-H), 3.0 9(1 H, dd, J=1 6.5,
5･5 Hz, C(6)-H), 2125(1H, dd, J= 1 4.3, 3.8 Hヱ, C(1 4)-
H), 1･79 (1H, dd, J=14･2, 2.3 Hz, C(1 4トH), 1.63(3 H,
dt, J王6.9, 1.0 Hz, C(1 8)- H3).
: Se eTab暮e 3, page14 6
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1 0.
This bas e(3 0)w as obtained as co(orle ss a m orpho u s s olid.
【α】D21＋ 1
o
(c- 0.l l, MeO H).
UV 九m axn m
JR(C H CI3)
M S m/I(%)
H R- MS
IH-N M R 8
1 3c-NM R
: 282(sh), 255, 209.
: 340 0, 171 5, 16 20, 14 70, 1085.
: 3 70(M＋ , 23), 33 9(10 0). 325(46). 2 95(33), 27 S
(2 8ト
: Calcd. forC21H2 6N204 370.1 8 90; Fo u nd, 37 0･1 889 ･
: 7.45(1 H, d-一ike, J= 7.9 Hz, C(9)-H), 7.0 4(1 H, I-(ike,
J=7.9 Hz, C(10)- ”), 7.30(1H, I-like, J=7.9 Hz, C(l l)-
H), 6.97(1 H, d-[ike, J= 7 .9 Hヱ, C(1 2)- H), 51 3(1 H, q,
J=6.6 Hz, C(19)-”), 4.0 9(1 H, dd, J=1l .2, 213 Hz,
C(17)･ H), 3.9 1(1 H, dd, J- l l.2, 2･O Hz, C(1 7)- H),
3.9 9(3H, s, O C H3), 3.84(lH, br-s , C(3)-H), 3 ･43(1H,
br-ら, C(SトH), 3.0 7 and 2.3 3(e a ch lH, d, J=8 ･9 Hz,
q(2 1)- H2), 2･ 2 8(3 H, s, N -C H3), 2･56 (1H, br-dd,
J= 王1 4.2, 2.6 Hz, C(1 4)-H), 2.0 4(1 H, ddd, J=14･2, 6 ･0 ,
2.3 Hヱ, C(14)-H), 2.05 (1H, m , C(15)- H), 2･16 (1 H,
br- s
,
C(6)-”), 1.09(3 H, d, J=6･6 Hz, C(1 8)-H3)I
: Se eTable3, page146
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11. 1出 血 血鮎以必出由良 _ ほ丘ユ
T his ba se(25)w as obtain ed a s co( rle s s oil.
【α】D23 -1 8 0
o
(c =0.4, C H C13).
U V 九m axn m
旧 (C H C13)
- M Sm/I(%)
H R- M S
IH_N M R 8
1 3c_ N M R
: 292, 284, 277(sh), 2 22.
: 3460, 2930, 1 460, 1 340.
: 3 08(M十 , 86), 2 93 (2 7), 2 7 9(3 5), 1 54 (1 6), 130
(15), 1 2 2(100), 1 21 (62), 1 08(27), 107 (20)･
: CaJcd_ forC2 0H2 4N20, 30 8.1886; Fo u nd, 30 8.1 8 8 1.
: 7▲98 (1 H, s, N H), 7.62(1 H, d-一ike, J= 7.9 Hヱ, C(9)-H),
7.13 (1 H, I-like, J;;7.9 Hz, C(10)- H), 7.1 9(1 H, I-like,
J=7.9 Hz, C(ll)- ”), 7.31(lH, d-like, C(1 2)- H), 5.4 3
(l H, br-q, J=6･7 Hz, C(1 9)･ H), 5.12(1 H, dd, J= 9 .8, l .2
Hz, C(3)- H), 3.84 (l H, dd, J -- ll.6, 1 0.1 Hz. C(1 7)-H),
3･26(1 H, d, J=1116 Hz, C(1 7トH), 3.15･(1H,■m , C(5)-
”), 2.82(1H, bト
■
td, J-10, 6 叱 C(1 5トH), 2.59 (3 H,
s, N - C H3), 2.43 (1 H, dt, J=左1 4.3. 9,8 Hz, C(14)-H),
2.1 2(1H, ddd, J= 1 4.2, 10.7, 1.2 Hz, C(1 4)- H), 1 .61
(3 H, br-d, J芦6.7 Hヱ, C(18トH3).
: Se eTabfe3, page1 46
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ヽ
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1 2･ ユ 地
14-Hydro xyge(sedin e(40) crystalliz ed from a c eto n e as c olo rfe s s
n e edle crystals.
Melting point
U V 九m axn m
I R(K Br)
M S m/I (%)
1H-NMR 8
: 21 4 - 216
o
C
: 281(sh), 265(sh), 258, 209.
: 3260, 1695, 1620, 14 7 0, 1340.
: 34 4 (M＋ , 44), 31 3(51), 16 8(6 0), 9 7(4 4), 84
(1 0 0ト
:7.44 (1 H, d-like, J=7.5 Hz, C(9トH). 7 .13 (1H, I-like,
J= 7.5 Hz
,
C(10)-H), 7.30 (1 H, I-like, J=7.5 Hz, C(l l)-
H), 6.9 5(1H, d-like, J= 7.5 Hヱ, C(1 2)- H), 4.4 5(1 H, d d,
J: ;ll.2, 4.3 Hz, C(17)- H), 4.23 (1 H, br-d, Jsl O.9 Hヱ,
C(17)･H), 4.O l(3 H, s, O C H3), 3.64(lH, dt, J- 912, 3･3
Hヱ, C(5)- H). 3.43 (1 H, br- s, C(3)-H), 3･01 (lH, dト
)ike, J=7.1, 3.9 Hz, C(2 0トH). 2.51(1 H,ddd, J芸9･2, 4･7,
4 .3 Hヱ, C(1 6)･H), 2,1 8(1H, dd, J=15.8, 3f6 Hz, C(6)-
H), 2.0 2(1 H, dd, J=16.2, 2 .3 Hヱ, C(6)-H), 2･07(1 H, ト
一ike, J=4 Hち G(1 5)-H), 1.91 (2 H, m , C(1 9トH 2), 1･10
(3 H, I, J;7.3 Hヱ, C(18)-3 H)･
a H
巧
E
0
OH
H
,
,H
ク′
ミも､
N
O C H3
&
'
0
H
H
,
-
-H
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13. 19二8x
Melting point
U V 九m axn m
I R(K Br)
M S m/I(%)
H R- M S
IH-NM R 8
1 3c- N M R
T hJ
'
sba s e(45)w a s obtain ed a s am o rpho u s s olid fro m a c eto n e･
: 226_ 227
o
C
: 281, 256, 209.
: 1 715, 1 695, 1618, 1 46 2, 1 088.
: 340 (M＋, 100), 3 09 (40), 165(55), 1 4 (3 8), 13 6
(39), 1 22(65).
: Calcd. fo rC1 9H2 0N204, 340.142l. Fo u nd, 3 40.14 12.
: 7⊥･54 (1H, d-･like, J= 7.6 Hz, C(9)- H), 7 .0 9(1H, t-like,
J=7.6 Hz, C(10)･ H), 7.2 7(1 H, t-
'
Jike
,
J芸7.6 Hz
,
C(11ト
H), 6.89 (1 H, d-)ike, J= 7.6 Hz, C(1 2トH), 4. 73 (1 H,
- ddd, J= 7.6, 4.9, 2.1 Hz, C(SトH), 4.3 4(1 H, d d, J;ll.3,
2.8 Hz, C(1 7トH), 4.28(1H, d d, J=1 1.3, 1 .5 Hz, C(1 7ト
H), 3.9 9(3 H, s, O C H3), 3.75(1 H, bトdd, J= 4 .2 , 2.3 Hz,
C(3)-H), 3.43 (1H, br-I, J=8.8 Hz, C(15)- H), 2 .6 9
(1H, m , C(1 6)-H), 2.68(1 H, dd, J=15.3, 2.3 Hヱ, C(1 4ト
H), 2.22(1 H, dd d, J=1 5.3, 8.8. 4.2 Hz, C(14)- ”), 2.56
(1H, dd, +=1 5･6, 4.9 Hz, C(6トH), 2.2 3(1 H, dd, J=1 5.6,
2
.1 Hヱ, C(6トH), 2.66(3H, s, C(1 8トH3).
: Se eTable3, page146
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Melting point
U V 九m axn m
旧 (K Br)
M S′刀″ (%)
lH-N M R8
1 3c_ N M R
比[払出 L 胤 山
Ko u min eN- o xide(20)w as obtain ed as a m orpho us so[idfro m a c eto n e.
: 11 1-11 3
o
C 【α]D1 9- 237
o
(c=0 .1 4, MeO H).
′
一
.
: 26 0, 2 26(sh), 220, 21 5.
: 1 640
,
1587, 1445, 1080.
: 306 (M＋ -1 6,10 0), 2 23 (25), 1 20 (29), 70(5 2).
: 7･66(1H, d-”ke, J芸7.6 Hz, C(9トH), 7.29 (1H, t･)ike,
Jま 7･6 Hz, C(10トH), 7 .42(1H, I-like, J=7.6 Hz, C(1 1ト
H), 7･23 (1 H, d･like, J=7.6 Hz, C(1 2)-H), 5.06 (lH,
br-s, C(3トH), 4.93(1 H, d, J;17.8 Hヱ, C(1 8トH), 4 .93
(1H, +=11.2 Hヱ, C(1 8トH), 4.59 (1H, dd, J=1ア.8, l l.2
Hヱ, C(1 9)- H), 4.38 (1 H, dd, J=12.5, 5.3 Hz, C(1 7トH),
3.68(l H, d, J=1 2.5 Hz, C(17)-H). 4.10(1 H, m , C(1 6)-
H), 3.84 and 4.04(e ach lH, d, J=1 3.5 Hヱ, C(2 1)-H2),
3.57 (3H, s, N- CI13), 3.52 (1H, br- ら, C-(SトH), 2.9 4
(1 H, dd, J=1 6.2, 4 .0 Hヱ, C(6)- ”), 2 .43 (1H, bトd,
J= 1 6.2 Hz, C(6)-”), 2.72 (1H, br-d, J=10 Hz, C(15ト
H), 2.67 (1H, dt, Jヨ14.5, 4 Hヱ, C(14トH), 1･9 0(1H,
bトd
,
J= 1 4.5 Hz, C(1 4トH).
: Se eTabJe 4, page1 4 7
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15. 包≧塩蓋氾出迫+ 出払出+塩山
Ge[s e min eN- o xide(31)w a s obtain ed as a m orpho u s s o=d.
【α】D2 5- 1 6.9
o
(c-0 .9, MeO H).
U V 九maxn m
]R(C H C13)
MS m/I(%)
R H- M S(in be e n)
1H-N M R 6
1 3c_ NMR
: 284, 252, 208.
: 171 5, 1 62 0, 1 475, 1 10 5.
: 3 2 2(M＋ -1 6, 40), 27 9(64), 108 (100).
: Ca[cd. fo rC2 0H2 2N203. .338.1 62 9; Fo u nd, 338.164 0.
: 10･13(1H, br- s, N H), 7･24 (1 H, d-Tike, J完 7.6 Hz, C(9)-
H), 6･87(l H, I-like, J=7.6 Hz, C(1 0)- ”), 6.95 (1 H, t-
Iike, J=7･6 Hz, C(11トH), 6･45(1 H, d-like, C(12トH),
6･32(1H, dd, +=17･7, 11 ･O Hz, C(19トH), 5-21(1H, d,
J;ll･O Hz, C(18)-H), S･0 2(l H, d, J=17.7 Hz, C(18)-
H), 4 ･1 7(1 H, dd, J-11･3, 2.4 Hz, C(17)- ”), 4.03 (l H,
dd, J= 1 1･3, 1 ･8 Hz, C(1 7)-”), 4 .15 (lH, br- s, C(5)- H),
3･8 6(1 H, br-s, C(3)-H), 3.41(3 H, s, N - CH3), 3.75
a nd 3･25(e a ch l H, d, J=1 2･O Hz, C(21トH2), 3.41(1 H,
bトS, C(6トH), 2･9 4(1 H, d d, J=14.6, 2.7 Hz, C(1 4)- H),
2･07(1 H, ddd, J=14･6, 6･0, 2･9 Hz, C(1 4)-H), 2.5 9(l H,
br-d, J= 8･2 Hz, C(1 6)-H), 2. 48(lH, br-d d, J=8.3, 6.0
Hz, C(15トH).
: Se eTable4, page1 47
.
･ H
J ■
′H H
ノCH3
fl､
ク
ー
㌔ .
N
H
H
班
1 4 2
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Melting point
U V Lm axn m
旧 (K Br)
M S m/I(%)
H R- M S
IH-N M R 8
13c_ NMR
EIegan s a min e(46) crystalliz ed fro m MeO Has c o( rle sspris m s.
: 1 7 2_1 7 3
o
C
: 2 81(sh), 257, 208.
: 2930
,
1 730, 14 70, 1 23 0. 1 040,
: 508 (M十 , 58), 47 7(36), 33 9(22), 32 6(1 0 0), 2 95
(58), 150 (30).
: CaⅠcd. forC2 9H3 6N206 508.2571; Fo u nd, 50 8.257 2｡
: 7.50(1H, C(9卜H), 7.0 7(1H, C(1 0トH), ア.26 (1 H,
C(l l)- ”), 6.89 (1 H, C(12)- H), 3.95(3 H, s, 0 -C H3),
3.70(1H, dd, J= 4.9, 2.2 Hz, C(3トH), 2.91 (1H, ト‖ke,
J -- 9 Hz, C(15)- ”), 2.66(l H, m , C(19)- ”), 2･5 4(1 H,
m , C(1 6)- ”), i.4 7(3 H, d, J=7.3 Hz, C(1 8)-H3),
: Se eTab[e4, page 1 4 7
Crystal Data a nd Data Colle ctio nParam ete rs m o n o cJinic, P21, a=1 0･70 1(3),
bご7.9 40(2), c;1 7.039(4)A, Z= 2, Ce= volu me=14 1 5Å3,
Dc=1 .2 6 gc m
･ 3
･ A total of 311 5unJqU eindepe nde nt
inte n sjtie s were m e as ur ed with the ra nge of 3≦ 2 0 ≦
0
1 2 0
o
,150o n afo ur- circ一e diffra cto m eter(Rigaku A FC-5)
u sing CuKα r adiatio n(九 =1 .54A). T he structu re w a s so一v ed
by the dire ct m ethod u sing M U LT A N8 0 a nd refin ed
a nis otropic aHy(is otropic ally for H) by the le a sトsqu are s
m ethod to a nR v a[u e of0.04 9 6, u sing the 2 834 refle ctio n s
for which F(0)>3o(Fo). The stru ctu re a nd OR T E P dra wing
is sho wn inthe n e xtpage ･
143
Stru cture of efega n s a min e(4 6)
H ､ ､
0 冗
E
- - 班
ク′
§さ.
17 - ム表
守, し,
Ir
N
/ 巧 o
I
0C H3
18
之0
@
(凹eOE)
ll
'
19
6
'
,#
N
甘
一
一
HO叔.
1
'
卦､
4
'
O R T E P Dra wing of e(ega ns a min e(46)
C H3
0
し
0
a
CH3
1 4 4
皿 魁£ユ
1 3c･ N M Rche mic al shifts a nd a s sign m e nts fo rgels e min e(26), ge(se vir盲n e(28),
ko u min e(1 9) a nd ge(s e nicin e(43).
No. (261 (28) (19) (43)
2 1 7 9.5(s) 17 3.0(s) 1 8 5.4(s) 172.1(s)
3 69 .5(d) 69.4(d) 7 0. 8(d) 74. 9(d)
I
5 72,1(d) 72.3(d) 5 6-8(d) 7 2. 5(d)
'
6 5 0. 7(d) 5･1 .1(d) 2 8. 5(I) 37. 7(t)
7 54. 2(s)I 52. 3(s)
～
59 . 7(s) 5 5.8(s)
8 132. 0(s) 128.1(s) 1 4 3.6(s) 1 3左.3(s)
9 1 2 8.2(d) 1 28.2(d) 1 2 .9(d) 1 2 4.6(d)
1 0 1 2 1.7(d) 1 22.7(d) 1 2 5.8(d) 123.3(d)
l l 1 2 7. 9(d) 12 8,2(d) 1 2 8.0(.d) 1 28.0(d)
1 2 1 09.0(d) 1 0 7.1(d) 1 2 1.0(d) 1 0 6.5(d)
13 1 4 0. 7(s) 139.5(s.) 15 4.8(s) 1 3 8.0(s)
1 4 2 2. 9(I) 2 3.1(I) 25. 2(I) 25. 6(I)
,1 5 3 5.8(d) 3 6.0(d) 3 3.0(d) 39. 8(d)
…
16 d8 .2(d) 3 8.0(d) 3 8.8(d) 4 2. 5(d)' '
17 6 1. 6(I) 6 1. 6(I) ･6 1. 2(I) 6 2. 1(I)
1 8 11 2. 2(I) 112.9(t) 11 5. 7(I) 1 010(q)
1 9 1 3 8.8(d) 13 8.3(d)
●
1 3 7.3(d) 2 5. 6(I)
20 54. 0(s)
～ 54.1(s)T 4 5.2(s) 1 84.1(s)
6 3.3(q)
2 1 6 6. 2(I) 6 6. 3(I) 57. 7(I)
N- C H3
N-O C H3
4 0.6(q) 4 0.6(q)
6 3.1(q)
42.6(q)
C he mic aJshiftsin ppm dow nfie[dfro m T M S.
SoJv e nt : C D C]3
I
,
' ' : stgn als maybeinte rcha nged w )
'
thin v enic al c olu m n.
1 4 5
過 払巳丘
1 3c-N M Rche mic al shifts a nd a s sign m e nts fo r 1 4-hydr o xygels e nicin e (4 4),
hu m a nte nin e(35), 19-(Z)- aku a m midin e(23) a nd ko u midin e(22).
No . (4 4) (35) (231 (22)
2 171. 0(s) 1 74 .4(s) 1 39 .1(s)
★
13 8. 4(s)
I
3 7 9.2(d) 72. 2(d)
～
5 1.5(d) 5 1. 0(d)
' '
5 7 1.1(d)I 67,0(d)
～ 59 .5(d) 5 4. 0(d)
' '
6 37. 5(I) 2 8. 3(I)
' ★
25 +1(I) 2 3. 4(I)
7 5 3･8(早) 5 5.3(s) 1 06.0(s) 1 0 6.0(s)
8 131. 7
'
(s). 129.2(s) 12.8.1(s) 12 7.5(s)
9 1 2 4.6(d) 125.9(d) 1 19 .8･(d)
★★ 1 19 . 8(d)
' '
10 1 2 3.5(d) 12 3.0(d) 1 1 8. 6(d)
' '
115 .3(d)
…
l l 1 28..2(d) 1 2 8.1(d) 122.1(d) 1 2 2.1(d)
1 2 10 6.7(d) 1 0 7.3(d) 1 12.0(d) 11 2. 0(d)
1 3 13 7.9(s) 1 39. 0(s)
' t 1 3 8.9(s)
A 138. 2(s)
～
14 6 6. 0(d). 2 5. 3(I)
' '
3 1. 4(t) 2 9.3(I)
15 52.1(d). 34.6(d) 37.4(d) 3 5.1(d)
1 6 38, 4(d) 38.4(d) 5 3. 2(s) ･4 4. 3(d)
1 7 6 1.1(I) 6 11 6(I) 69.1(t) 6 2.2(I)
1 8 1 0. 0(q) 1 2.8(q) 1 2.5(q) 1 2. 6(q)
1 9 2 6. 0(t) 1 1 9.5(d)
●
1 1 8.2(d)
' ' 118. 7(d)
' '
2 0 181 .5(s)
6 3.3(q)
C D C13
1 3 7. 2(s)
' '
1 3 8. 6(s)
'
14写･ 7(s)
'/
2 1
N-C H3
NICO CH3
CCXm
∝ q:也
Solv e nt
4 5.7(I)･
4 2. 6(q)
6 3.4(q)
C D C)3
54. 0(I)
1 75.6(s)
52. 4(q)
C D3(コ〕
54 . 6(I)
Cq∋(コ〕
C he mic a一shiftsin ppm dow nfield fro mT M S
★
,
★★
,
… : s lgn als may be intercha nged within v e rtic al c o(u m n.
14 6
‡ 鑑 3
1 3c-N M Rche mic al shifts a nd a ssign m e nts fo r1 6- epi- v o a carpin e(2 4), 1 9-
hydr o xydihydrogefs e virjn e (30)I 1 9-(Z)-tabe rpsychin e (25) a nd 19-
O X Ogels e njcin e(45).
No . (2 41 (30) (2 5) (4 5)
2 13 7.1(s)
'
174. 2(s) 13 6. 2(s)
'
1 7 1.1(s)
3 80.5(s) 6 9.1(d)
'
67.6(d) 7 5.2(d)
'
5 5 7.5(d) 71. 8■(d)
'
60 .5(d) 7 4.5(d)
I
6 2 1
.早(t)/ 47.5(d) 18. 0(I) 3 8. 0(I)
7 107.0(s) 5 3.3(s) 11 0.9(s) 56 .3(s)
8 1 2 5.7(s) 127.9(s) 128.3(s) 1 31 .8(s)
9 1 19 ･5(.
d)
～
1 2 8.4(d)
' '
1 1 9.8(d)
”
1 2 4. 5(d)
10 1 1 5. 7(d)
…
1 23.0(d) 11 9.3(d)' ' 123. 5(d)
l l 12 2.0(d) 128.5(d)
” 122. 3(d)
…
1 2 8. 3(d)
1 2 110 .9(d) 1 07.2(d) 110. 9(d) 10 6. 7(d).
13 1 36. 3(s)
'
1 39.2(s) 13 5.3(s)
'
1 38 .0(s)
14 3 6. 5(I) 2 2. 6(I) 2 9.7(I) 2 7.5(I)
1 5 3 3. 7(d) 3 5.7(d) 3 3.5(d) 38 . 0(d)
' '
16 5 3･.2(s) 3 8.6(d) 3 7. 5(d) 39 . 4(d)
' '
1 7 6 3.3(I) 61 . 6(I) 61 . 9(I) 61 .7(t)
1 8 1 2. 7(q) ,19. 4(q) 1 2. 8(q) 26.1(q)
19 11 8. 5(d)
～ 64. 3(d) 118.2(d) 19 7.6(S)
2 0 13 5.4(s)
～
56 ･8(.
s) 131. 9(s) 1 7 8.1(s)
‾63.4(q)
2 1
CC m
∝ 堪 也
N･ C H3
N- O C H3
48.1(I)
1 7 5.8(s)
52.1(q)
5 8. 8(I)
4 0. 7(q)
6 3.3(q)
451 9(I)
43. 0(q)
C he micalshiftsin ppm do w nfieldfro mTMS
I
So v ent :.C D C13
～
,
I ★ : s]gn a暮s m aybe intercha nged within v erticalc olu m n.
1 4 7
凪 巳A
1 3c-N M Rche micalshifts a nd a s sign m e nts fo rko u min eN- o x]
-
de(2 0), gets e min e･N-
o xide(31), a nd e[ega n s a min e(46).
No. (2 0) (31) (4 6) (46)c o ntin u ed
2 1 8 3. 2(s) 1 79. 8(s) 1 7 1.5(s) 1
'
= 7 0. 4(I)
3 7 0.5(d)
' 7 0. 5(d) 7 5. 0(d) 3
1
= 17 7. 9(s)
5 7 2.7(d)
' 8 7. 3(d)
■
7 2.5(d) 4
-
= 4 8. 7(d)
6 26. 0(I) 51. 1(d) 37. 4(I) 5
'
= 37 . 7(d)
…
7 5 5･5(s)..
5 5. 0(s)
★ 5 6.1(s)I 6
'
= 71. 2(d)
8 14 2.1(s) 1 3 2.2(s) 1 3 1. 9(s) 7
'
= 4 3. 7(I)
9 124 .0(d) 1 2 9.6(d)
' '
1 2 4. 7(d) 8
1
ご 35.1(d)
…
10 1･26.8(d) 1 2 2. 9(d) 123.4(d) 9
1
王 45 .1(d)
ll 128.8(d) 1 2 9. 7(d)
◆ ★ 12 8.1(d 10
-
= 18. 7(q)
～
12 1 2 1.3(d) 1 1 0. 5(d) 106.6(d) l l
.
= 3 3.1(I)
13 15 4.6(s) 1 4 2. 7(s) 1 3 8. 0(s)
14 2 4. 6(t) 2 3. 4(t) 2 7. 7(I)
1 5 31 .1(d) 3 6. 9(d) 40.1(d)
1 6 ･3 5.1(d) 38. 9(d) 42.5(d)
1 7 6 0. 2(t) 61 . 6(t) 61 .9(I)
18 1 1 7. 8(I) 1 1 5.1(t) 1 9. 3(q)
'
19 134 .3(d) 1 3 7. 5(d)
●
3 7.7(d)
I
20 4 5. 9(s) 5‾3. 6(s)
' 1 8 6.2(s)
6 3.2(q)
C D CI3
21 7 5. 6(I)A 8 3. 3(I)
NIC H3
N-O C H3
Solv e nt
60･.2(q)
CDC13
5 3. 9(q)
C D3(:D
C hemic a一 shiftsin ppm do w nfield fro mT MS
★
,
=
, : slgn als m ay beinte rcha nged within vertical cdu m n.
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